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ABSTRACT 


Previous  studies  have  given  evidence  that  a  proposed  demonstration  of  the 
technical  feasibility  of  navigation  on  the  St.  Laurence  River  during  periods 
of  ice  cover  could  result  in  serious  negative  effects  on  several  aspects  of 
the  riverine  ecosystem.  In  anticipation  of  a  demonstration  project, 
limnological  and  glaclological  studies  were  conducted  on  the  river  during  the 
period  February  -  April,  1979.  The  studies  were  planned  with  three  overall 
objectives:  (1)  acquire  additional  data  on  the  winter  environment  of  the  St. 
Lawrence  River  under  non-demonstration  conditions;  (2)  determine  the  extent  to 
which  environmental  conditions  within  the  proposed  "Demonstration  Coinridor" 
can  be  predicted  from  monitoring  sites  located  outside  of  the  Corridor;  and, 

(3)  develop  recommendations  to  assist  in  the  design  of  future  assessment  of  the 
environmental  effects  of  winter  navigation. 

Sampling  sites  were  established  in  wetland,  shoal,  bay,  nearshore,  and 
channel  areas  at  three  locations  along  the  St.  Lawrence  for  the  limnological 
study  plus  two  additional  locations  for  the  glaclological  work.  Water, 
sediment,  and  ice  samples,  taken  repeatedly  from  each  location,  were  character¬ 
ized  physically,  chemically,  or  glaciologically.  Qualitative  and  statistical 
comparisons  were  made  on  limnologic  and  glaciologic  characteristics  of  the 
river  between  locations  in  and  out  of  the  proposed  Corridor  ("paired  sites") 
to  determine  similarities  between  locations. 

The  results  of  the  limnological  study  indicate  that  paired  sites  on  main 
flow  areas  of  the  river,  especially  channel  sites,  may  be  sufficiently  related 
with  regard  to  water  quality  to  permit  accurate  predictions  of  a  limited 
number  of  water  quality  characteristics  in  the  Corridor  from  measurements 
taken  from  locations  outside.  However,  particle-related  parameters  could  not 
be  predicted.  Water  quality  at  paired  sites  in  peripheral  areas,  especially 
wetlands  and  bays,  was  Influenced  largely  by  local  environmental  conditions 
and  not  accurately  predictable  between  paired  sites.  Changes  in  sediment 
characteristics  were  not  predictable  between  paired  sites.  For  future 
investigations  of  the  effects  of  a  demonstration  program  on  water  and  sediment 
quality,  major  recommendations  focus  on  a  need  for  more  information  concerning 
particulate  matter  and  sediments  in  the  river  and  the  potential  benefits  to  be 
derived  from  an  environmentally  sound,  deterministic  model  of  water  quality  in 
the  St.  Lawrence  River. 

The  results  of  glaciologic  studies  indicate  that  bathymetric  conditions 
and  ice  boom  emplacement  act  to  define  four  distinct  glaclological  reaches 
within  the  Demonstration  Corridor.  The  reaches,  identified  by  geogrphicai 
location,  are:  Brockvllle  Narrows,  Morristown  Pt.-Ogdensburg,  Ogdensburg  Boom, 
and  Galop  Island  Booms.  Natural  patterns  of  ice  formation  and  erosion  are 
related  to  the  placement  of  Islands,  midchannel  shoals,  and  littoral  areas  in 
the  Corridor.  However,  wholly  natural  patterns  of  ice  formation  and  erosion 
appear  to  be  rare  within  the  Corridor.  The  occurrence  and  dynamics  of  open 
water  pools  within  the  ice  cover  are  character^stlc  features  of  particular 
glaciologic  reaches  within  the  Corridor.  The  paired  sites  samples  indicate  a 
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characteristic  glaciological  zonation  of  ice  stratification  in  harbor-wetland 
areas.  Four  such  zones  were  identified.  Ice  forms  in  bays  and  wetlands  were 
highly  dependent  on  exposure  to  wind  and  snow.  At  bay  sites,  snow  ice 
amounted  to  approximately  50%  of  the  ice  thickness,  while  in  wetland  edge 
sices,  snow  Ice  approached  90%.  Rccoimucnda cions  Cor  future  studies  strongly 
suggest  that  greater  benefits  would  be  derived  from  a  full  winter  period  of  study, 
rather  tlian  the  amount  of  time  available  for  the  present  work.  Further 
recommendations  reflect  the  need  for  increased  aerial  photomapping,  examining 
Che  potential  uses  of  SLAR,  detailed  bathymetric  charts  of  Corridor,  and 
better  information  on  the  structural  glaciology  of  open  water  pools  during 
Che  entire  winter  season. 


SUMMARY 


Watnr,  sediment,  nnd  Icc  r.nmples  collected  from  a  variety  of  habitats  in 
and  out  of  a  proposed  "Demonstration  Corridor"  were  analyzed  for  a  wide  range 
of  characteristics.  The  characteristics  were  compared  between  locations  to 
assess  the  degree  of  predictability  inherent  in  each.  The  results  of  the 
investigation  lead  to  the  conclusions  and  recommendations  set  forth  below. 

LIMNOLOGY 

Conclusions 

1.  Water  quality  in  the  main  flow  of  the  St.  Lawrence  River  was  similar 
to  that  in  Lake  Ontario,  as  was  determined  from  a  comparison  of  a  wide 
variety  of  water  quality  parameters  between  the  two  bodies  of  water. 

2.  Water  quality  in  peripheral  areas  along  Che  river,  particularly 
wetlands  and  bays,  was  independent  of  water  quality  in  the  main  flow  during 
periods  of  ice  cover  and  spring  thaw. 

3.  Water  quality  in  the  main  flow  of  the  St.  Lawrence  River  showed 
similarities  in  magnitude  and  direction  of  change  for  several  parameters 
during  the  investigation.  However,  it  should  be  noted  that  absent  from  the 
list  of  correlated  parameters  were  those  which  were  related  to  the  amounts  of 
particulate  matter  in  the  water.  Lacking  these  parameters,  a  paired  site 
approach  will  be  strongly  dependent  on  water  quality  parameters  which  will  be 
relatively  unaffected  by  vessel  transits  during  ice  cover.  Bearing  this  in 
mind,  the  similarities  suggest  that  main  flow  control  sites  established 
outside  a  Demonstration  Corridor  could  be  paired  successfully  with  sites 
within  the  Corridor  to  predict  water  quality  with  sufficient  accuracy  to  test 
the  effects  of  vessel  transit  on  water  quality.  However,  data  collected 
during  the  present  study  indicate  that  .such  an  approach  can  be  considered 
valid  only  for  main  flow  sites,  especially  channel  sites. 

4.  Water  quality  at  the  major  locations  selected  for  study,  considering 
all  habitat  types  together,  showed  relatively  low  correlation  between 
locations  for  all  p.irnmctcrs  with  the  exception  of  water  temperature.  Thus, 
general  and  accurate  predictions  of  water  quality  at  sites  within  the 
Demonstration  Corridor  are  not  possible  from  simple,  direct  relationships  to 
parameters  measured  outside  the  Corridor. 

5.  Multivariate  relationships  developed  by  CANONA  showed  a  high  degree 
of  correlation  between  locations  for  all  habitat  types  considered  together. 
However,  the  relationships  so  identified  were  impossible  to  identify  in 
ecologically  meaningful  terms  due  to  intercorrelations  between  parameters. 

6.  A  multivariate  factor  analysis  of  water  quality  at  each  location 
showed  fund.imental  differences  in  the  major  factor  affecting  water  quality  at 
sites  sampled  in  and  out  of  the  Corridor.  While  open  water  characteristics 
dominated  water  quality  measurements  taken  outside  the  Corridor,  within  the 
Corridor  wetland  and  bay  sites  had  a  greater  influence  on  measured  parameters. 


7.  Sediments  from  wetland  and  bay  sites  at  Blind  Bay,  Morristown,  and, 
to  a  lesser  extent.  Brandy  Brook,  showed  elevated  levels  of  phosphorus,  zinc, 
and  copper. 

8.  Sediment  quality,  as  determined  by  several  parameters,  did  not  show 
significant  changes  between  sampling  dates  at  any  of  the  habitat  sites.  Thus, 
prediction  of  sediment  quality  between  locations,  based  on  correlated  changes, 
was  not  possible. 


Recommendations 


1.  A  paired  site  approach  to  assessment  of  vessel  transit  impact  on 
water  quality,  wherein  control  sites  are  established  outside  of  the 
Demonstration  Corridor,  should  focus  primarily  on  main  flow  habitats;  channel, 
shoal,  and  nearshore  sites.  Other  types  of  habitat  are  not  suited  to  paired 
site  comparisons. 

2.  Only  Chose  water  quality  parameters  which  correlate  between  loca¬ 
tions  but  are  uncorrelaCed  with  each  other  should  be  employed  for  multivariate 
paired  site  comparisons;  for  example,  water  temperature,  dissolved  oxygen  o£ 
pH,  total  soluble  phosphorus  or_  soluble  reactive  phosphorus,  nitrate,  and 
calcium  £r  total  hardness. 

3.  Further  studies  of  the  relationship  between  levels  of  suspended 
particulate  matter  from  one  location  to  another  along  the  river  should  be 
performed  under  non-demonstration  conditions.  Failure  to  include  a 
particulate-related  parameter  which  correlates  between  locations  will  reduce 
the  effectiveness  of  a  paired  sites  approach  to  monitoring  demonstration 
activities. 


4.  Future  studies  should  be  directed  toward  characterization  of  the 
sediments  of  the  Corridor  with  respect  to  particle  size  distribution,  potential 
for  resuspension,  desorption  of  nutrients  and  metals,  and  biological  effects 
of. the  latter  materials. 

5.  A  deterministic  model  of  water  quality,  which  includes  hydraulic 
as  well  as  important  water  quality  parameters,  could  provide  a  more  accurate 
control  for  assessment  of  demonstration  activities  than  paired  sites 
comparisons.  Development  and  calibration  of  such  a  model  should  be  a  focal 
point  for  future  investigations  on  the  St.  Lawrence  River. 

6.  Investigations  of  time  and  spacially  variant  parameters  of  winter 
water  quality  should  be  initiated  no  later  than  a  month  before  the  river  begins 
to  freeze  over;  approximately,  mid-November.  Water  quality  parameters  are 

not  discontinuous  functions  of  time,  and  studies  designed  to  predict 
magnitudes  and  explain  variability  of  major  parameters  should  not  be  constrained 
by  time  factors  which  are  not  related  to  environmental  conditions. 
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GLACIOLOGY 


Conclusions 

Demonstration  Corridor 

1.  Bathymetric  conditions  and  the  resulting  upwelling,  together 
with  the  placement  of  ice  booms,  are  the  principal  factors  that  define 
four  glaciological  reaches  of  the  Demonstration  Corridor.  These  reaches 
are  the  Brockville  Narrows,  Morristown  Point-Ogdensburg,  Ogdensburg  Ice 
Boom,  and  Galop  Island  Booms. 

2.  The  lateral  boundaries  of  pools  in  the  Ogdensburg  Ice  Boom  and 
Galop  Island  Reaches  are  largely  determined  by  the  location  of  the  24' 
depth  contour. 

3.  Pools  in  the  Morristown  Point~Ogdensburg  Reach  are  the  result 
of  the  packing  of  floes  of  loose  slush  and  frazil,  thermal  cracks,  and 
shear  cracks  kept  open  by  currents. 

4.  Ice  boom  placement  determines  the  pool  boundaries  of  the  Ogdens¬ 
burg  Ice  Boom  and  the  Galop  Island  Reaches. 

5.  In  the  Brockville  Narrows  Reach,  rough  bottom  conditions  and 

the  resulting  upwelling  are  the  principal  factor  controlling  the  location 
of  pools. 

Control  Sites 


1.  The  maximum  ice  cover  durations  for  protected  shallow  control 


sites  are  the  following; 

Chippewa  Bay 
Blind  Bay 
Morristown  Harbor 
'  Nevlns  Point  Area 
Tibbies  Creek 
Brandy  Brook 

2.  Wetland  edge  environments  are 
formation  consisting  of  snow  ice,  lake 
sediments. 

Recommendat ions 


139  days 
135+  days 
98  days 
103+  days 
118+  days 
128+  days 

covered  by  a  frozen  three-layered 
ice,  and  frozen  organic-rich  bottom 


Demonstration  Corridor 

1.  Aerial  photomapping  of  the  Demonstration  Corridor  beginning  at 
Che  time  of  initial  ice  formation  and  extending  during  the  whole  process 
of  ice  erosion.  In  addition,  low  altitude  missions  are  needed  at  selected 
times  for  stereo  examination  of  ice  conditions.  It  is  necessary  to  have 
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a  complete  overview  of  100-150  day  period  that  lee  covers  the  various 
riverine  environments. 


2.  Develop  the  capacity  for  all-weather  monitoring  of  ice  forma¬ 
tion  and  ice  erosion  in  the  Demonstration  Corridor  by  utilizing  SLAR 
(Side  Looking  Airborne  Radar)  in  coordination  with  aerial  photomapping. 

3.  Compile  photo  iiiCcrproLoLlon  guide  of  tlie  St.  Lawrence  River 
ice  characteristics. 

4.  Compile  a  bathymetric  chart  of  the  Demonstration  Corridor 
utilizing  Che  vast  array  of  soundings  on  NOAA  field  sheets.  Versions 
of  this  chart  in  normal  format  and  shaded  relief  aid  in  visualizing 
the  engineering  and  environmental  factors  associated  with  demonstra¬ 
tion  voyages. 

5.  Investigate  the  structural  geology  of  ice  surrounding  pools 
originating  from  upwelling  currents  and  ice  boom  placement. 

6.  Carry  out  a  full  winter’s  study  in  order  to  define  the  stages 
and  processes  occurring  in  ice  formation  and  ice  erosion  in  the  Demon¬ 
stration  Corridor.  The  study  should  extend  over  several  winters  to 
include  winters  of  varying  severity. 

7.  In  the  future,  if  winter  navigation  studies,  are  to  be  carried 
out  in  the  Demonstration  Corridor,  it  would  be  helpful  if  the  objectives 
of  the  scientific  programs  were  carefully  explained  in  the  media  prior 
to  the  studies.  This  would  serve  to  inform  residents  along  the  river 
and  help  to  allay  suspicions.  Winter  navigation  Is  not  a  popular  subject 
with  these  people,  who  sec  clioir  economic  livelihood  threatened. 

Attempts  to  develop  a  data  base  in  their  dooryards  is  often  viewed  with 
distrust.  Field  studies  benefit  from  the  cooperation  and  advice  of 
experienced  residents,  and  sensitivity  to  tliese  Issues  by  cxpl.anacion 

at  the  local  level  would  be  productive. 

Control  Sites 


1.  Studies  need  to  begin  at  the  start  of  the  winter,  particularly 
in  bays  and  wetlands,  In  order  to  trace  the  important  role  snow  and  snow 
ice  plays  in  the  formation  of  the  ice  cover.  The  stratigraphic  interpre¬ 
tation  of  late  winter  ice  cores  is  made  difficult  without  these  data. 

2.  Requests  be  made  of  federal  or  state  authorities  for  detailed 
soundings  extending  from  bay  mouth  to  wetlands  In  bays  and  harbors 
fringing  the  Demonstration  Corridor. 

3.  Contracts  for  studies  of  control  sites  in  Demonstration  Corridor 
be  issued  early  In  the  fall  to  allow  for  recruiting  of  field  staff.  In 
particular,  if  students  are  utilized  as  field  assistants,  sufficient  lead 
time  is  needed  to  arrange  class  'schedules  to  permit  1-2  full  days  a  week 
in  the  field.  Commitments  must  be  made  to  students  for  the  academic  year 
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to  ir.ost  efficiently  meet  both  project  and  student  financial  requirements. 


4.  Safe  river  studies  in  areas  of  cold,  moving,  open  water  and  ice 
mandate  adequate  lead  time  for  locating  riverworthy  airboats,  trained 
operators,  and  cold  water  protective  garments. 

5.  Investigate  the  possibility  that  thin  ice  layers  in  frozen,  organic- 
ru!i  liottom  sediments  in  St.  Lawrence  River  wetlatids,  furmerly  ascribed  to 
water  level  fluctuations,  may  be  the  result  of  the  formation  of  segregated 
ice  layers  and  lenses  marking  periods  of  slow  downward  freezing.  Auto¬ 
matic  water  level  recorders  and  thermocouple  probes  should  be  used  to 
monitor  Ice  layer  formation  at  the  wetland  edge. 

6.  Future  studies  of  the  development  of  stratigraphic  features  in 
the  ice  canopy  should  utilize  vertical  thin  sections  photographed  in 
polarized  light  to  determine  the  origin  of  these  features. 
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INTRODUCTION 


As  part  of  on-RolnR  ufforta  cn  dmonstracp  Che  practicality  of  extending 
the  navigation  season  on  the  Great  Lakes-St.  Lawrence  River  System,  a  Winter 
Navigation  Demonstration  Program  has  been  planned  for  possible  implementation 
in  a  selected  corridor  along  the  St.  Lawrence  River.  Included  in  the 
Demonstration  Program  are  modifications  to  existing  ice  booms  in  the 
Demonstration  Corridor  to  permit  ship  passage,  installation  of  additional  ice 
stabilization  structures,  and  a  limited  number  of  actual  vessel  transits 
through  the  Corridor,  which  extends  from  Brockville  Rock,  near  Morristown, 

New  York  to 'Frazer  Shoal,  near  Cardinal,  Ontario. 

Studies  conducted  during  the  winter  of  1977-78  by  the  New  York  State 
Department  of  Environmental  Conservation  and  the  College  of  Environmental 
Science  and  Forestry  of  the  State  University  of  New  York  have  given  strong 
indications  that  activities  connected  with  the  proposed  Demonstration  Program 
could  have  serious  adverse  Impacts  on  the  environment  and  ecology  of  the  Sc. 
Lawrence  River  within  the  Demonstration  Corridor.  Further,  these  studies 
point  to  a  requirement  for  extensive  characterization  of  baseline  aspects  of 
the  Corridor  as  an  ecosystem  prior  to  implementation  of  Che  proposed 
Demonstration  Program. 

t 

In  recognition  of  the  need  for  additional  data  on  the  St.  Lawrence  River, 
Che  activities  set  forth  below  are  designed  to  provide  information  on  physical, 
chemical,  and  glaciologic  characteristics  of  the  St.  Lawrence  River  in  a 
manner  which  would  be  useful  for  future  efforts  at  planning  a  program  of 
assessment  of  demonstration  activities.  Due  to  severe  constraints  in  time 
and  funding,  the  work  described  here  cannot  address  baseline  characterization 
in  a  comprehensive,  intensive  manner.  Rather,  this  investigation  focuses  on 
a  limited  set  of  parameters  for  the  purpose  of  characterizing  short-term 
changes  at  selected  locations  along  the  St.  Lawrence  River  during  a  late 
winter  period  of  ice  cover. 

» 

The  investigation  was  conducted  in  two  parts;  the  first  concerned  water 
and  sediment  characteristics,  while  the  second  addressed  aspects  of  river 
glaciology  in  the  vicinity  of  the  proposed  Demonstration  Corridor.  The 
objectives  of  the  llmnologlc  portion  can  be  stated  as  follows: 

1.  Acquire  data,  under  non-demonstration  conditions,  on  water  and 
sediment  quality  in  five  specific  habitat  types  as  they  occur  in  the  vicinity 
of  the  proposed  Demonstration  Corridor  of  the  St.  Lawrence  River,  under 
conditions  of  ice  cover. 

2.  Determine  the  degree  to  which  sites  outside  of  the  proposed 
Demonstration  Corridor  can  be  used  as  controls  for  assessing  the  Impact  of  a 
Demonstration  Program  on  water  and  sediment  quality  parameters  within  the 
proposed  Corridor. 
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3.  Reconmend  criteria  for  design  of  future  investigations,  particularly 
for  assessing  the  Impacts  of  the  Demonstration  Program  on  water  and  sediment 
quality  in  the  St.  Lawrence  River  ecosystem. 

Similarly,  the  objectives  of  the  glaclologlc  study  can  be  stated; 

1.  Acquire  ice  data,  under  non-demonstration  conditions,  on  ^he  ice 
canopy  at  five  specific  habitat  types  inside  and  outside  the  Demonstration 
Corridor. 


2.  Determine  the  degree  to  which  sites  outside  of  the  Demonstration 
Corridor  can  be  used  as  controls  for  assessing  the  impact  of  a  Demonstration 
Program  on  the  ice  canopy  and  the  surrounding  environment  in  the  Corridor. 

3.  Recommend  criteria  to  design  future  investigations  for  assessing  the 
impacts  of  the  Demonstration  Program  on  the  ice  canopy  and  its  effect  on  the 
St.  Lawrence  River  ecosystem. 

Due  to  distinct  differences  in  methodology,  results,  and  interpretation 
of  results,  the  main  body  of  this  report  will  treat  the  two  parts  of  the 
investigation  separately. 
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PART  1 

ANALYSIS  OF  CONTROL  SITES:  LIMNOLOGY 


l.I.  METHODS  OF  INVESTIGATION 


GENERAL  APPROACH 


The  general  approach  taken  in  this  phase  of  the  investigation  was  to 
monitor  the  levels  of  several  physical  and  chemical  characteristics  of  the 
water  and  sediments  at  three  major  locations  along  the  St.  Lawrence  River. 

The  major  locations  were  selected  based  on  two  criteria: 

1.  Proximity  to  the  proposed  "Demonstration  Corridor"  which  extends 
from  Morristown,  NY  to  Cardinal,  ONT,  approximately .  The  Corridor  is  the  reach 
of  the  river  which  has  been  proposed  for  use  in  a  demonstration  of  the 
technical  practicality  of  winter  navigation. 

2.  Accessibility  of  multiple  ecological  habitat  types  within  the  general 
area  of  the  location,  to  include:  wetland,  near  shore,  bay,  shoal,  and  deep 
off-shore. 

Two  major  locations  were  selected  outside  of  the  Corridor,  one  upstream  and 
one  downstream,  and  one  location  was  selected  within  the  Corridor.  Generally, 
upstream  and  downstream  locations  were  sampled  on  alternate  sampling  dates, 
while  the  location  within  the  Corridor  was  sampled  on  each  sampling  date. 

This  sampling  scheme  allowed  for  a  pairing  of  data  collected  in  and  out  of  the 
Corridor  to  determine  the  degree  to  which  variability  in  measured  parameters 
followed  correlated  and  possibly  predictable  trends. 

FIELD  METHODS 


Locations 


The  sampling  location  selected  to  represent  conditions  within  the 
Corridor  was  placed  at  Morristown,  NY.  As  shown  in  Figure  1  ,  the  Morristown 
location,  which  included  the  Morristown  harbor  area  .plus  off-shore  channel 
and  shoals,  provided  each  of  the  desired  habitat  types.  The  upstream 
location  was  selected  at  Blind  Bay  and  vicinity,  shown  in  Figure  2  .  Shoal 
sites  for  Blind  Bay  were,  located  near  Whaleback  Island,  downstream  from  the 
mouth  of  Blind  Bay.  The  Brandy  Brook-Murphy  Island  Shoal  area  was  selected 
as  the  location  downstream  of  the  Corridor.  Illustrated  in  Figure  3  are  the 
sampling  sites  which  were  visited  in  the  vicinity  of  Brandy  Brook  during  this 
study.  As  indicated  on  Figures  1,2,  and  3  replicate  samples  were  taken 
from  sites  where  special  variability  was  expected  to  be  especially  significant: 
wetlands,  bays,  and  near  shore  sites. 

Sampling  Schedule 

Water  and  sediment  samples  were  collected  from  sites  at  the  major 
locations  according  to  the  dates  given  In  Table  1  .  Owing  to  the  late 
starting  date  for  the  investigation  and  an  early  degeneration  of  ice  cover, 
samples  taken  prior  to  the  first  week  of  March  are  most  representative  of 
winter  conditions  at  the  locations  observed  during  this  investigation.  Samples 
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Figure  1 


Sampling  Sites  in  the  Vicinity  of  Morristown,  NY 


Site 

Numbers 

Habitat  Type 

n. 

12 

Bay 

13. 

14 

Near  Shore 

15 

Channel -Near  Shore 

16, 

(Temporary) 

17,  18 

Wetland 

27 

Channel 

28 

Shoal 

Scale:  1  in  *  2500  ft 


NOTE  C 
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Figure  2 


Sampling  Sites  in  the  Vicinity  of  Blind  Bay 


Site 

Numbers 

Habitat  Type 

1. 

2 

Near  Shore 

3, 

4,  5 

Wetland 

6. 

7 

Bay 

8 

Channel 

9 

Shoal 

10 

Shoal 

Scale: 

1  in  =  2500  ft 
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Figure  3.  Sampling  Sites  in  the  Vicinity  of  Brandy  Brook 


Site 

Numbers 

Habitat  Type 

19, 

20,  21 

Wetland 

22. 

23 

Bay 

24 

Channel 

25 

Shoal 

26 

Near  Shore 

Scale:  1  in  =  2500  ft 
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TABLE  1 

Daces  of  Sample  Collection,  Sc.  Lawrence  River;  1979 


Sample 

Type 

River 

Location 

Morristown 

Brandy  Brook 

WATER 

13  FEB 

13  FEB 

23  FEB 

23  FEB 

28  FEB 

28  FEB 

9  MAR 

9  MAR 

13  MAR 

13  MAR 

20  MAR 

30  MAR 

30  MAR 

30  MAR 

23  APR 

23  APR 

23  APR 

SEDIMENT 

28  FEB 

23  FEB 

23  FEB 

23  APR 

23  APR 

23  APR 
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taken  after  that  time  represent  conditons  during  the  transition  to  an  ice-free 
spring  condition,  which  was  complete  at  all  locations  by  the  first  week  of 
April,  approximately.  Unsafe  ice  conditions  made  it  impossible  to  sample  all 
alces  (Imbltat  typoa)  during  cacli  uampilng  period. 

Samolin:;  Methods 

A  23  cm  (9  in)  diameter  power  auger  was  used  for  sampling  water  and 
sediments  through  the  ice  cover.  After  the  initial  boring,  water  temperature, 
dissolved  oxygen,  and  water  depth  were  determined  and  recorded.  Water  samples 
were  then  taken  from  a  depth  approximately  midway  between  the  ice  cover  and 
the  bottom  by  means  of  a  plastic  Van  Dorn  or  Kemmerer  sampler  and  transferred 
to  acid-rinsed  polyethylene  bottles.  Upon  return  to  the  laboratory,  an 
aliquot  of  each  sample  was  filtered,  and  both  filtered  and  unfiltered  samples 
were  frozen  until  later  analysis  for  phosphorus  and  nitrogen.  Other  water 
quality  parameters  were  measured  on  unfiltered  samples  upon  return  to  the 
laboratory. 

2  2 

Sediment  samples  were  obtained  with  a  225  cm  (34.8  in  )  Ekman  dredge 
from  all  sites  where  the  substrate  could  be  penetrated  and  transferred 
directly  into  acid-rinsed  plastic  bags.  Sediment  samples  were  returned  to  the 
laboratory  and  stored  wet  at  4°C  (39°F)  in  the  dark  until  analysis. 

ANALYTICAL  METHODS 


Laboratorv  Analyses 


Presented  in  Tables  2  and  3  are  lists  of  the  parameters  which  were 
determined  on  water  and  sediment  samples,  respectively.  The  methods  used  in 
each  analytical  determination  are  given  also  in  the  tables.  Specialized 
analytical  equipment  which  was  used  during  sample  analysis  included;  YSI  Model 
54  DO  Meter/Thermistor;  Hach  Model  2100A  Turbidimeter;  Corning  Model  12 
Research  Grade  pH  Meter;  Bausch  and  Lomb  Spectronic  88  Visible  Spectrophoto¬ 
meter;  Beckman  Model  DB-G  UV-Visible  Spectrophotometer;  Microkj eldahl 
digestion  racks;  Orion  Model  901  Specific  Ion  Meter/Microprocessor;  ASTM 
Hydrometer,  #151  H;  Muffle  Furnace;  Perkin-Elmer  Model  107  Atomic  Absorption 
Spectrophotometer  with  lamps;  Mettler  Analytical  Balance,  Model  HIO.  All 
analytical  separations  into  soluble  (filterable)  and  particulate  (nonfilter- 
able)  fractions  were  performed  using  0.45  p  hemicellulose  acetate  membranes 
in  Gelman  filtration  funnels.  Details  on  analytical  methods  can  be  found  by 
consulting  the  references  cited  in  Tables  2  and  3  . 

Data  Analyses 

After  water  samples  for  a  particular  date  were  analyzed  for  the 
parameters  described  above,  data  from  replicated  sites  (for  example:  Sites  3, 
4,  and  5,  Che  wetland  sites  at  Blind  Bay)  were  averaged  to  give  mean  values 
for  each  water  quality  parameter  and  entered  into  a  minicomputer-based  data 
storage  and  retrieval  system.  Available  hardware  for  the  system  included  a 
48K  RAM  North  Star  minicomputer  plus  dual-drive  floppy  disk  storage,  a  Lear- 
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TABLE  2 


Water  Quality  Parameters  and  Methods  of  Analysis 


Parameter 

Method 

Temperature  (in  situ) 

Electrometric;  thermistor 

Dissolved  Oxygen  (in  situ) 

Polarographic;  Dissolved  Oxygen  Electrode 

Turbidity 

Nephelometric;  Formazine  Standards 

Suspended  Solids 

Gravimetric  (Non-Filterable  Residue; 

APHA,  1975) 

pH 

Electrometric;  Combination  Electrode 

Alkalinity 

Potentiometric  Titration  (APHA,  1975) 

Phosphorus  (Total,  Total 

Persulfate  Digestion  and/or  Ascorbic 

Soluble,  Soluble  Reactive) 

Acid  Colorimetric  (EPA,  1976) 

Nitrate-Nitrogen 

UV  Spectrophotometric  (APHA,  1975) 

Total  Kjeldahl  Nitrogen 

Indophenol  Colorimetric  (Schelner,  1976) 

Calcium 

EDTA  Titrlmetrlc  (APHA,  1975) 

Total  Hardness 

EDTA  Titrlmetrlc  (APHA,  1975) 

Chloride 

Specific  Ion  Electrometric  (EPA,  1976) 

TABLE  3 

Sediment  Quality  Parameters  and  Methods  of  Analysis 


Parameter 


Moisture  Content 

Organic  Concent 

Subsieve  Particle  Size 
Distribution 
Phosphorus  (Available, 
Total) 


Metals  (Fe,  Zn,  Cu,  Cr) 


_ Method _ ^ _ 

Unit  Weight  Loss  on  Drying  at  103°C 
(217. 4°?) 

Unit  Weight  Loss  on  Combustion  at 
550®C  (1022°F) 

Hydrometer  (ASTM,  1973  ) 

O.IN  NaOH  Extraction  and/or  H2S0^  - 
HMO^  Digestion  and  Ascorbic  Acid 
Colorimetric  (Sagher,  1976  ;  APHA, 
1975;  EPA,  1976) 

BMO^  Digestion  and  Atomic 
Absorption  Sptctrophotometrlc 
(EPA,  1976) 
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Siegler  video  tenninal,  and  a  Texas  Instruments  Omni  800  line  printer.  The 
formal  programming  language  was  BASIC.  Data  were  stored  and  retrieved  by 
date»  location,  site  (habitat  type),  and  parameter,  and  the  storage  system 
permitted  single  parameters  to  be  up-dated,  a  significant  time-saving 
feature.  The  retrieval  system  produced  a  summary  listing  by  date  of  mean 
values  of  each  parameter  for  each  habitat  type  at  each  major  location.  The 
summary  listing  provided  a  convenient  format  for  comparing  parameters  between 
dates,  sices,  and  locations  while  the  results  were  examined  for  relationships 
to  results  obtained  during  other  studies  on  the  St.  Lawrence  River  and 
possible  causal  or  predictable  variations  between  parameters  at  paired  sites 
in  and  out  of  the  Corridor.  The  minicomputer  system  was  programmed  further 
to  calculate  zero-order  correlation  matrices  between  parameters  measured  at 
paired  sites.  The  correlation  matrices  were  required  as  input  to  CANONA 
(Canonical  Correlation  Analysis) ,  the  multivariate  procedure  selected  to 
assess  apparent  similarities  and  differences  between  paired  sices.  An  SPSS 
(Statistical  Package  for  the  Social  Sciences)  version  of  CANONA  was  employed 
(SPSSH-Release  6.02)  and  was  accessed  through  Che  IBM  0S360/65  at  Clarkson 
College.  As  a  further  assist  to  defining  patterns  of  variation  in  water 
quality  within  and  between  major  locations,  an  SPSS  routine  was  employed  to 
factor  analyze  the  zero-order  correlation  matrix. 
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l.II.  DESCRIPTION  OF  WATER  AND  SEDIMENT  QUALITY 


GENERAL 


The  purpose  of  this  section  is  to  present  the  water  and  sediment  physical 
and  chemical  data  obtained  on  the  St.  Lawrence  River  during  the  Winter  of  1979. 
Interpretive  and  comparative  comments  will  be  reserved  for  the  following 
discussion  section.  Recall  from  the  methods  chapter  that  there  are  three 
locations  on  the  River  for  which  water  and  sediment  data  were  obtained  -  Blind 
Bay  (upstream  of  Demonstration  Corridor),  Morristown  (in  Demonstration 
Corridor)  and  Brandy  Brook  (downstream  of  Corridor).  For  each  location  5 
habitat  types  (sites)  were  sampled.  Since  the  object  of  this  study  is  the 
possible  establishement  of  control  sites,  the  data  will  be  presented  in  such  a 
manner  as  to  facilitate  comparisons  among  a  given  habitat  type  at  all  three 
locations.  In  the  interest  of  presenting  a  usable  summary  of  the  data  in  this 
section,  mean  values  of  each  parameter  will  be  given  for  each  site.  Only  in 
certain  cases  will  a  temporal  profile  be  presented;  however,  for  a  complete 
listing  of  all  data  gathered  refer  to  Appendix  A. 

WATER  QUALITY 

Channel  Sites 

..  ■  ■  I  ■  »  t 

The  temporal  averages  of  water  quality  data  for  the  channel  sites  of  the 
three  locations  of  this  study  are  presented  in  Table  4.  The  open  channel  of 
the  river  appears  to  be  of  good  overall  quality.  Water  clarity  is  good  with 
low  average  turbidities  and  suspended  solids.  Dissolved  oxygen  is  very  close 
to  saturation  at  all  channel  locations.  Plant  nutrients  -  nitrogen  and 
phosphorus  -  are  not  excessive  at  these  sites.  Total  N/P  molar  ratios  range 
from  about  50/1  to  70/1,  suggesting  that  of  the  two  phosphorus  would  limit 
primary  productivity. 

The  pH  buffering  system  in  the  open  river  appears  to  be  quite  stable  and 
controlled  by  the  carbonate  system.  A  pH  of  8.1  and  an  alkalinity  of  1.80 
meq/i,  such  as  the  data  Indicate,  would  yield  a  total  inorganic  carbon  content 
of  1.82  mM/1.  This  is  somewhat  oversaturated  with  respect  to  atmospheric  CO2, 
as  might  be  expected  under  ice.  Thg  buffer  intensity  for  this  system 

(assuming  C  ■  constant)  would  be  ■  9.A5xl0~5. 

1 

The  open  river  water  has  a  total  hardness  of  approximately  130  mg/i  as 
CaC03,  with  a  calcium  hardness  of  approximately  100  mg/i  as  CaC03.  This  is  a 
reasonably  hardwater  system  with  about  40  mg/i  as  CaC03  of  non-carbonate 
hardness.  This  relatively  high  non-carbonate  hardness  can  be  accounted  for 
by  association  with  the  chloride  in  the  system. 

Shoal  and  Nearshore  Sites 


The  winter  water  quality  for  the  shoal  and  nearshore  sites  sampled  in 
this  study  appeared  to  he  very  similar  to  that  for  the  channel  sites  (Table 
5).  There  is  no  apparent  decrease  in  water  clarity  or  increase  in  suspended 
solids  concentration  that  might  be  expected  for  more  shallow  sites  under  ice. 
Although  total  phosphorus  concentrations  are  slightly  higher  at  the  Morristown 


12 


TABLE  4 


Mean  Values  of  Water  Quality  Parameters  In 
St.  Lawrence  River  Channel  Sites,  Winter  1979 


Parameter 

Morristown 

Brandy  Brook 

Dissolved  Oxygen  (rag/l) 

14.50 

14.5 

14.6 

Turbidity  (ntu) 

1.70 

1.15 

2.7 

Total  Suspended  Solids  (mg/i) 

1.2 

1.4 

,1.6 

pH 

8.07 

8.29 

8.09 

Total  Alkalinity  (mg/ 2.  as  CaCO^) 

90.8 

90.5 

89.6 

Total  Hardness  (mg/2  as  CaCO^) 

132.5 

131.0 

131.5 

Calcium  (mg/ 2  as  Ca) 

41.0 

40.3 

40.2 

Chloride  (mg/2) 

32.8 

31.7 

34.8 

Total  Phosphorus  (ugP/2) 

15.0 

15.1 

14.4 

Total  Soluble  Phosphorus  (ugP/i) 

10.4 

6.1 

8.9 

Soluble  Reactive  Phosphorus  (ugP/2) 

7.65 

4.2 

8.2 

Total  Kjeldahl  Nitrogen  (ugN/2) 

80 

* 

270 

Nitrate+Nitrite-Nitrogen  (ugN/2) 

443 

314 

445 
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TABLE  5 


Mean  Values  of  Water  Quality  Parameters  in 
St.  Lawrence  River  Shoal  and  Nearshore  Sites, 
Winter  1979 


Parameter 

Blind  Bay 
Shoal  Nearshore 

Morristown 
Slioal  Nearshore 

Brandy  Brook 
Shoal  Nearshore 

Dissolved  Oxygen  (mg/l) 

•  14.3 

14.45 

13.7 

14.3 

14.5 

14.5 

Turbidity  (n+u) 

1.3 

1.2 

1.0 

1.1 

1  2.7 

3.0 

Total  Suspended  Solids 
(mg/ 2-) 

1.05 

1.2 

1.1 

0.5 

2.5 

1.2 

pH 

8.09 

8.11 

8.29 

8.06 

7.91 

8.05 

Total  Alkalinity 
(mg/i  as  CaCO^) 

91.0 

91.0 

90.2 

90.6 

80.6 

86.3 

Total  Hardness 
(mg/i  as  CaCO^) 

132.9 

130.6 

132 

132.7 

115.3 

124 

Calcium  (mg/i  as  Ca) 

40.6 

40.6 

40.3 

40.3 

35.2 

38 

Chloride  (mg/Z) 

33.0 

31.4 

31.7 

33.3 

30.9 

31.5 

Total  Phosphorus 
(ugP/Z) 

16.4 

14.6 

14.0 

20.1 

18.8 

18.1 

Total  Soluble  Phosphorus 

7.3 

8.75 

— 

9.4 

9.3 

7.7 

Soluble  Reactive  Phosphorus 
(ugP/Z) 

6.3 

5.8 

4.8 

5.7 

8.6 

7.65 

Total  Kjeldahl  Nitrogen 
(pgN/i) 

— 

— 

- 

75 

- 

- 

Nltrate+Nitrite-Nitrogen. 

(pgN/Z) 

370 

435 

310 

432 

409 

448 
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shoreline  site  and  at  Brandy  Brook  than  the  respective  channel  sites,  the 
difference  is  not  significant.  This  result  suggests  that  there  Is  very  little 
direct  land  influence  on  the  nearshore  stations  during  ice  cover. 

Bay  and  Wetland  Sites 

There  were  significant  water  quality  differences  between  the  bay  and 
wetland  sites  and  the  actual  river  sites  presented  above  (Table  6  ) .  Since 
the  wetland  sites  were  the  shallowest  and  most  influenced  by  land,  these 
stations  exhibited  the  largest  differences.  The  bay  sites,  being  located 
between  wetland  and  river  sites,  generally  had  an  intermediate  mean  value  for 
the  various  parameters. 

The  poorer  water  quality  of  the  wetland  sites  is  evidenced  by  slightly 
lower  dissolved  oxygen,  increased  turbidity  and  suspended  solids,  and  elevated 
total  P  and  N  concentrations.  In  fact  the  wetland  N/P  molar  ratios  of  at 
most  30/1  suggest  their  stronger  dependence  on  the  local  terrestrial  systems. 

One  other  observation  about  the  wetland  sites,  which  also  occurred  to  a 
lesser  degree  in  the  bay  areas,  was  a  consistent  temporal  variation  in  major 
ion  concentrations  during  the  period  of  study.  An  example  of  this  pattern  is 
shown  for  total  hardness  in  Figure  4  .  Alkalinity,  calcium  and  chloride 
follow  very  similar  patterns,  A  possible  explanation  for  the  low  March  concen 
trations  is  a  dilution  effect  due  to  ice  deterioration  that  occurred  during 
the  unseasonably  warm  period  beginning  near  the  end  of  February.  The  ice  melt 
period  had  virtually  ended  by  the  beginning  of  April,  and  the  higher  concen¬ 
trations  in  samples  taken  on  April  23  (completely  ice-free)  reflect  a  return 
of  these  systems  to  a  terrestrial  dominated  state.  The  correlation  between 
ice  melt  and  water  quality  levels  would  confound  demonstration  monitoring 
considerably  in  bay  and  wetland  areas. 

The  possibility  that  the  above  phenomena  might  be  due  to  a  non¬ 
conservative  reaction  (such  as  CaC03  precipitation)  seems  to  be  ruled  out  by 
the  fact  that  chloride  follows  a  very  similar  pattern^to  calcium  during  the 
melt  period  (Figures  ).  Furthermore,  the  [Ca""]  [CO3]  ion  product  at  this 
time  does  not  exceed  the  solubility  product. 

There  does  appear  to  be  an  incongruous  occurrence  in  the  middle  of 
February  in  the  calcium  and  chloride  concentrations  for  the  Morrlsto%m  wetland 
samples  (Figure  5  ).  Between  2/13  and  2/23  the  Cl  concentration  increases 
rather  sharply,  while  little  change  takes  place  for  calcium.  There  are  two 
possible  explanations  for  the  shift  in  Ca/Cl  ratio  during  this  period,  both 
of  which  are  consistent  with  the  available  data.  First,  it  is  possible  that  a 
considerable  exchange  of  water  with  the  main  river  occurred  during  this  period 
It  is  more  likely  that  road  salt  runoff  contributed  to  the  unusually  high 
chloride  levels  at  the  end  of  February.  In  either  case,  however,  these 
perturbations  would  strongly  Influence  a  demonstration  monitoring  program. 


TABLE  6 


Mean  Values  of  Water  Quality  Parameters  in 
St.  Lawrence  River  Bay  and  Wetland  Sites, 
Winter  1979 


Parameter 

Blind  Bay 

Bay  Wetland 

Morristown 
Bay  Wetland 

Brandy  Brook 

Bay  Wetland 

Dissolved  Oxygen  (nig/£) 

14.4 

1^.6 

13.9 

11.4 

13.4 

12.7 

Turbidity  (n+u) 

4.6 

11.2 

1.2 

2.2 

2,6 

2.9 

Total  Suspended  Solids 
(nig/i.) 

2.4 

48.2 

1.0 

4.3 

1.7 

1.7 

pH 

8.00 

6.90 

8.06 

7.61 

7.91 

7.62 

Total  Alkalinity 
(mg/£  as  CaCO^) 

88.9 

130.9 

90.7 

113.5 

82.8 

85.9 

Total  Hardness 
(mg/i  as  CaCO^) 

129 

154.2 

132.4 

146.3 

121.8 

116.9 

Calcium  (mg/£  as  Ca) 

39.5 

47.6 

40.15 

43.3 

36.1 

34.7 

Chloride  (mg/i) 

30.8 

16.5 

33.0 

26.7 

27.2 

21.5 

Total  Phosphorus 
(pgP/i) 

19.65 

128.8 

17.7 

70.0 

41.8 

82.6 

Total  Soluble  Phosphorus 
(pgP/i) 

11.5 

41.8 

9.15 

32.2 

28.9 

62.9 

Soluble  Reactive  Phosphorus 
(ugP/A) 

6.  6 

16,0 

6.1 

25,6 

21.6 

33.3 

Total  Kjeldahl  Nitrogen 
(pgN/Ji) 

- 

1630 

- 

495 

- 

340 

Nltrate+Nitrite-Nitrogen 

(pgN/i) 

382 

213 

455 

445 

313 

282 
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Total  Hardness  (mg/l  as  CaCOa) 


FEB  MAR  APR 


Figure  5.  Calcium  and  Chloride  Concentrations 
in  Morristown  Wetland  Sites 


18 


Calcium  &  Chloride  (mg/l  as  ion) 


FEB 


MAR 


APR 


SEDUffians 


Repeated  sampling  of  sediments  from  similar  habitats  of  each  location 
was  performed  only  at  wetland  and  nearshore  sites.  Other  habitats  were 
sampled  when  possible.  However,  transportation  or  substrate  suitability 
prevented  acquisition  of  sediments  from  a  complete  range  of  habitat  types 
Consequently,  the  data  presented  in  this  chapter  and  discussed  in  the  next 
represent  summaries  extracted  from  the  more  complete  set  of  data  presented  in 
Appendix  B. 

Characteristics  of  Sediments 

Shown  in  Table  7  is  a  sximmary  of  sediment  quality  data  for  wetland  and 
nearshore  sites  at  each  of  the  major  locations  averaged  over  Che  two  sampling 
dates. 

Particle  Size  Distribution.  Sand  and  larger  sized  particles  formed  the 
major  size  class  in  the  samples  from  all  sites  and  locations.  Silt  and  clay 
were  important  only  in  samples  taken  in  the  Brandy  Brook  area  where  the 
smaller  sized  particles  tended  to  occur  in  greater  amounts  at  nearshore  sites. 
Organic  detritus  in  the  form  of  twigs,  aquatic  plant  fragments,  and  other 
material  was  common  in  samples  from  all  sites,  though  the  amounts  of  organic 
detritus  appeared  greater  in  wetland  samples  compared  to  other  sites. 

Moisture  Content.  Moisture  was  greater  in  sediment  samples  taken  from 
wetland  sices  compared  to  nearshore  sites.  The  average  moisture  content  of 
wetland  sediments  was  76.6%  of  fresh  sample  weight  while  nearshore  samples 
averaged  38.8%.  The  moisture  content  of  Blind  Bay  wetlands  (88.0%)  was 
similar  to  that  of  Che  wetland  sites  at  Morristown  (83.8%),  However,  Brandy 
Brook  samples  from  nearshore  sites  were  closer  in  moisture  content  (30.5%)  to 
samples  from  similar  sites  at  Morristown  (33.8%)  than  were  nearshore  samples 
from  Blind  Bay  (52.2%).  Differences  in  moisture  content  between  samples 
taken  in  February  and  April  were  shown  to  be  not  significant  (a  >  0.05)  by  a 
two-tailed  t-test. 

Organic  Matter.  The  organic  content  of  the  sediments  was  quite 
distinctive  between  habitat  types  at  all  locations.  Wetland  sites  had  the 
highest  levels  of  organic  matter  (27.1%),  bay  sites  were  next  highest  (see 
Appendix  B)  and  nearshore  sites  were  lowest  (2.7%)  among  sites  sampled. 
Organic  content  and  moisture  were  directly  related  (a  <  0.01)  as  suggested  by 
a  comparison  of  values  of  the  two  parameters  given  in  Table  .  A  two-tailed 
comparison  of  February  and  April  samples  showed  no  significant  difference 
(a  >  0.05)  in  amounts  of  organic  matter  in  sediments  taken  from  similar 
habitats. 

Phosphorus .  Total  and  extractable  phosphorus  in  sediment  samples  was 
higher  generally  at  wetland  sites  than  ocher  locations.  Average  levels  of 
total  phosphorus  ranged  from  a  low  of  0.35  mgP/g  dry  wt  at  nearshore  areas 
near  Morristown  to  a  high  of  0.95  mgP/g  dry  wt  in  the  Morristown  wetland 
sites.  Mean  extractable  phosphorus  levels  ranged  from  0.06  mgP/g  dry  weight 
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TABLE  7 


Mean  Values  of  Sediment  Characteristics 
at  Near  Shore  and  Wetland  Sites; 

St.  Lawrence  River,  1979 


Parameter 

Bla 

.nd  Bay 

Morristown 

Brandy 

Brook 

Wetland 

Near  Shore 

Wetland 

Near  Shore 

Wetland  Near  Shore 

Nisnber  of  - 
Samples 

4 

3 

4 

4 

8 

6 

Sand*’® 

96.1 

91.0 

89.4 

94.6 

77.6 

52.2 

Silt*’® 

3.9 

7.4 

10.6 

5.4 

20.7 

41.2 

Clay*’® 

0.0 

1.6 

0.0 

0.0 

1.6 

6.6 

Moisture^ 

88.0 

52.2 

83. S 

33.8 

57.9 

30.5 

Organic  Matter^ 

40.4 

5.5 

26.6 

1.6 

14.1 

1.1 

c 

Total  Phosphorus 

0.66 

0.61 

0.95 

0.35 

0.87 

0.52 

Extractable 

Phosphorus 

0.30 

0.19 

0.44 

0.06 

0.44 

0.14 

Total  Iron 

32.3 

23.2 

36.4 

9.4 

28.9 

25.7 

Total  Zinc'^’'^ 

0.22 

<0.1 

0.21 

<0.1 

0.14 

0.11 

c  d 

Total  Copper  ’ 

0.09 

0.02 

0.08 

0.02 

0.04 

- 

c  d 

Total  Chromium  ’ 

0.06 

0.06 

0.18 

0.08 

0.07 

0.12 

^2  Dry  weight  (103°C) 

^2  Wet  weight 

^mg/g  Dry  weight  (103°C) 

Measured  on  2/28  samples  only 

Measured  on  a  composite  of  samples  collected  on  both  sampling  dates 
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at  nearshore  Morristown  sites  to  0.44  mgP/g  dry  weight,  found  in  wetland 
samples  at  both  MorrisLowu  and  Brandy  Brook. 

The  ratio  of  extractable  to  total  phosphorus  was  reasonably  constant 
within  habitat  types  and  was  consistently  higher  at  wetland  sites  compared  to 
nearshore  sites.  The  range  in  values  for  the  ratio  was  0.43  to  0.51  with  a 
mean  of  0.47  for  wetland  sites,  while  the  range  was  0.17  to  0.31  with  a  mean 
of  0.25  at  nearshore  sites.  Differences  in  the  averages  levels  of  total  and 
extractable  phosphorus  between  February  and  April  samples  taken  at  paired 
sites  was  not  significant  (a  >  0.05). 

Metals. ,  As  was  true  for  several  other  sediment  parameters,  the  levels 
of  iron,  zinc,  and  copper  were  elevated  at  wetland  sites  compared  to  other 
habitats  studied.  Average  iron  ranged  from  a  high  of  36.4  mgFe/g  dry  weight 
in  the  Morristown  wetland  to  a  low  of  9.4  mgFe/g  dry  weight  at  nearshore 
sites  at  Morristown.  Equally  high  levels  of  zinc  (0.2  mgZn/g  dry  wt)  were 
found  on  the  average  in  wetland  samples  from  Blind  Bay  and  Morristown,  while 
zinc  was  not  detectable  in  sediments  from  nearshore  sites  at  the  same  two 
locations.  Significant  levels  of  zinc  were  found  in  all  sediment  samples  from 
the  Brandy  Brook  location.  Copper  was  similar  to  zinc  in  distribution  among 
sites.  The  results  of  the  analyses  for  chromium  are  simnnarlzed  in  Table  7  . 
However,  difficulties  encountered  in  the  function  of  the  atomic  absorbance 
lamp  during  the  analysis  have  rendered  the  results  to  be  of  uncertain  accuracy. 


/ 
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l.III.  DISCUSSION  OF  WATER  AND  SEDIMENT  QUALITY 

WATER  QUALITY 

Comparison  with  Previous  Data 

Very  little  winter  water  quality  data  exist  for  the  St.  Lawrence  River. 
Mills,  et  al.  (1978)  have  reported  winter  (Jan. -March,  1978)  water  chemistry 
data  for  offshore  and  nearshore  sites  between  Cape  Vincent  and  Lake  St. 
Lawrence.  Their  data  for  mutually  tested  parameters  were  remarkably  similar 
to  the  channel  and  nearshore  results  of  the  present  study.  The  only  major 
discrepancy  appeared  to  be  in  the  alkalinity  results  -  about  90  mg/i  as 
CaCO^  for  this  study  (Tables  4  and  5  )  versus  a  reported  55-60  mg/i  as 
CaC03  by  Mills,  et  al.  (1978).  An  electroneutrality  balance  of  the  data 
strongly  suggests  that  the  higher  value  is  more  appropriate. 

Combining  the  data  from  the  two  studies,  a  su-mmary  of  deep  channel  winter 
water  chemistry  can  be  obtained  and  is  presented  in  Table  8  .  Comparison  of 
the  St.  Lawrence  channel  data  with  available  data  for  Lake  Ontario  confirms 
the  dominance  of  open  river  water  quality  by  Lake  Ontario  quality  (Table  8  ) . 

Obviously  the  bay  and  wetland  stations  are  less  influenced  by  the  Lake 
Ontario  outflow  and  more  determined  by  local  land  use  activities.  In 
addition  to  observing  generally  lower  water  quality  in  the  wetland/bay  areas, 
the  temporal  profile  of  most  of  the  parameters  was  more  variable  and  much 
less  predictable  from  St.  Lawrence  River  data  upstream.  The  Blind  Bay 
wetland  suspended  solids  and  related  total  phosphorus  and  Kjeldahl  nitrogen 
are  examples  of  this  point.  These  findings  in  addition  to  those  discussed 
below  suggest  that  the  control  site  concept  for  wetland/bay  areas  is  of 
doubtful  utility. 

Control  Sites  Comparison 

Tables  5,6,  7  and  the  raw  data  in  Appendix  A  can  be  used  as  an 
indication  of  the  potential  for  using  control  sites  for  detecting  short-term 
changes  in  winter  water  quality  due  to  navigation  activities.  Comparison  of 
the  mean  parameter  values  as  well  as  same  date  samples  for  the  channel  sites 
at  the  three  locations  suggests  that  the  control  site  concept  might  work  for 
Che  open  river  area  as  long  as  changes  are  not  too  subtle.  However,  the 
small  number  of  channel  sample  pairs  which  were  obtained  during  this 
Investigation  severely  limits  the  accuracy  of  channel  site  predictions  beyond 
the  present  work. 

More  location  to  location  variability  is  encountered  In  Che  nearshore 
areas,  and  it  is  obvious  that  the  wetland/bay  locations  are  unique  and  very 
dissimilar  systems.  For  example,  with  respect  to  nearshore  sites  Che  Brandy 
Brook  location  appears  to  be  more  dilute  than  the  ocher  two  nearshore 
locations  with  respect  to  total  hardness  and  alkalinity  yet  slightly  more 
concentrated  in  plant  nutrients  and  suspended  solids.  Mills,  et  al.  (1978) 
also  found  slightly  higher  total  phosphorus  values  at  downriver  sites  (Galop 
Island  and  Lake  St.  Lawrence)  and  attributed  the  increase  to  resuspension  by 
higher  currents  as  well  as  point  sources  of  nutrients  In  the  Ogdensburg  area. 

Wetland  and  bay  areas  are  so  unique  in  terms  of  hydrology  and  land-water 
interactions  that  control  site  comparisons  are  virtually  impossible.  As  seen 
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TABLE  8 


Comparison  of  St.  Lawrence  River  Channel  Sites 
(Winter,  1978  and  1979)  with  Lake  Ontario 
Water  Quality  Data 


Parameter 

St.  Lawrence  River 

Lake  Ontario 

Dissolved  Oxygen  (mg/i) 

14.3“ 

11.6-13.6'^ 

Turbidity  (n+u) 

1.0-2. 7® 

Total  Suspended  Solids 

'  1.0-7. 

(ng/l) 

Total  Dissolved  Solids 

200-240^ 

175-200*^ 

(mg/1) 

Specific  Conductance 

300-330 

312-320*^ 

(pmhos/cm  @  25°C) 

pH 

7.4-8.2^’'^ 

8. 0-9.0'^ 

Total  Alkalinity 

87-94® 

95-100‘^ 

(mg/i  as  CaCO^) 

Total  Hardness 

128-134® 

(mg /I  as  CaCO.) 

Calcium  (mg/i  as  Ca  ) 

38-42®’^ 

43-46'^ 

Magnesium  (mg/i  as  Mg  ) 

7. 8-8. 4^ 

8. 9-9. 4*^ 

Potassium  (mg/i  as  k'*') 

1.25-1.4^ 

1. 4-2.1'^ 

Sodium  (mg/i  as  Na"^) 

10.4-11.0^ 

11.5= 

Chloride  (mg/1  as  Cl  ) 

30-35® 

24.7  = 

Sulfate  (mg/2,  as  So") 

24.3-27.6^ 

29.5-31.3= 

Total  Phosphorus 

10-25® 

16-20=  20-35*^ 

(pg/£  as  P) 

'Total  Soluble  P 

5-10® 

13-16*^ 

(yg/£  as  P) 

Total  KJeldahl  Nitrogen 

150-360® 

250-350= 

(vg/£  as  N) 

Nltrate-fNltrlte-Nitrogen 

0.2-2.0*’ 

.85-1.6= 

(ug/£  as  N) 

®thi8  study 
^Mills,  et  al.  (1978) 

Casey,  et  al.  (1965);  weighted  ave.  of  deep  water  stations 
^Great  Lakes  Water  Quality  Bd.  (1973) 
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in  Table  6  even  seasonal  averages  of  important  water  quality  parameters  vary 
considerably  from  one  wetland/bay  system  to  the  next.  For  example,  the 
Brandy  Brook  system  is  associated  with  a  larger  tributary  stream  than  the 
other  two.  As  a  result  this  system  appears  to  be  more  dilute  with  respect 
to  major  ions,  and  because  of  its  morphometry  is  less  influenced  by  water 
exchange  from  the  main  river. 

SEDIMENTS 


Comparison  With  Previous  Data 

As  was  true  for  the  water  quality  data  reported  above,  very  limited  data 
were  available  from  published  literature  on  the  sediment  characteristics  of 
the  St.  Lawrence  River.  The  principal  source  available  was  the  results  of  an 
investigation  conducted  the  previous  winter  which  focused  on  heavy  metal  and 
organic  contaminants  (Scrudato,  1978). 

Particle  Size  Distribution.  The  range  in  particle  size  distribution 
among  the  samples  taken  in  this  study  was  somewhat  lower  than  that  observed  by 
Scrudato  (1973).  In  this  study  the  predominant  sediment  type  was  sandy  silt. 
Clay  formed  a  significant  component  only  in  samples  taken  from  two  nearshore 
and  one  wetland  site.  However,  Scrudato  (1978)  found  significant  levels  of 
clay  in  sediments  from  sites  which  would  correspond  to  bay,  nearshore,  channel, 
and  shoal  habitats  within  the  definitions  used  in  the  present  study.  While 
differences  in  sampling  locations  and  sampling  and  analytical  methods  may  be 
responsible  for  dissimilar  results  for  similar  habitats  between  the  two 
investigations,  it  is  clear  chat  more  work  is  required  to  characterize  the 
sediments  with  respect  to  particle  size  along  the  river.  Specifically,  it  is 
important  to  locate  major  areas  of  deposition  of  fine-grained  sediments  since 
such  materials  are  more  adsorbent  of  nutrients  and  other  pollutants  and  more 
prone  to  resuspension  and  transport  during  hydrodynamic  disturbances,  than 
coarse  matter. 

Organic  Matter,  Phosphorus,  and  Iron.  With  the  exception  of  wetland 
samples,  the  levels  of  organic  matter  in  river  sediments  from  the  present 
investigation  were  within  the  range  reported  earlier  (Scrudato,  1978).  How¬ 
ever,  the  organic  content  of  wetland  samples,  particularly  from  Blind  Bay  and 
Morristown,  was  much  higher  than  for  other  habitat  types. 

The  levels  of  phosphorus  and  iron  in  river  sediments  represent  new 
information  concerning  the  sediments  of  the  St.  Lawrence  system.  Iron  and 
phosphorus  levels  are  discussed  with  the  organic  content  because  the  levels  of 
each  parameter  appear  to  be  Interrelated  in  the  sediments  of  other  aquatic 
systems,  particularly  lakes  (Williams  et  al.,  1971a).  Shown  in  Table  9  is 
an  abbreviated  matrix  of  correlation  coefficients  between  each  pair  of  para¬ 
meters  for  sediment  samples  taken  from  all  sites  during  the  investigation. 

The  correlations  in  Table  9  show  organic  matter  to  be  related  to  the 
amount  of  phosphorus,  both  total  and  extractable,  in  the  sediments  taken 
during  this  investigation.  Further,  total  and  extractable  phosphorus  were 
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TABLE  9 


Triangular  Matrix  of  Correlation  Coefficients  for 
Organic  Matter,  Total  and  Extractable  Phosphorus, 
and  Total  Iron  in  St.  Lawrence  River  Sediments; 
All  Samples;  Winter,  1979* 


Organic  Matter 

Total  P 

Extractable  P 

Total  Fe 

Organic  Matter 

1.0 

0.539 

0.589 

0.185 

Total  P 

1.0 

0.710 

0.188 

Extractable  P 

1.0 

0.247 

Total  Fe 

1.0 

N  ■  24,  r  .  *0.404  for  a  <  0.05 

’  crit 
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strongly  correlated,  while  total  iron  showed  no  correlation  of  significance 
with  Che  ocher  parameters. 

According  to  procedures  described  elsewhere  (Williams  et  al.,  1971b, 
i971c),  the  extractable  pliosphorus  fraction  contains  loosely-bound  or 
dissolved  phosphorus  plus  the  potentially  mobile  phosphorus  adsorbed  to 
amorphous  iron  oxides  and  hydroxides.  Since  extractable,  phosphorus  and  total 
iron  were  not  correlated,  it  appears  likely  that  most  of  the  extractable 
fraction  was  in  a  highly  mobile  form,  either  soluble  or  very  loosely  adsorbed. 
Extractable  phosphorus  was  correlated  with  the  organic  content  of  the 
sediments,  which  also  correlated  with  the  moisture  content  (see  Chapter  l.III.). 
Thus,  the  extractable  phosphorus  fraction  was  probably  in  a  soluble  state. 
Elevated  levels  of  soluble  phosphorus  were  found  at  wetland  sites,  where 
organic  sediments  predominated,  which  substantiates  this  interpretation  of  the 
extractable  phosphorus  data.  Future  analyses  for  the  iron  content  of  the  NaOH 
extractant  could  cast  additional  light  on  the  form  of  the  extractable 
phosphorus. 

Total  phosphorus  in  river  sediments  was  related  to  the  amount  of  organic 
matter,  but  part  of  the  relationship  shown  in  Table  9  was  due  to  the  strong 
correlation  between  totai  and  extractabie  phosphorus,  and  between  extractable 
phosphorus  and  organic  matter.  Thus,  while  truly  organic  phosphorus  was  a 
likely  component  of  the  sediments,  particularly  in  samples  with  elevated 
levels  of  organic  matter,  organic  phosphorus  does  not  appear  to  be  a  major 
component  of  the  total  sediment  phosphorus.  Total  phosphorus  was  not  related 
to  total  iron,  which  indicates  that  crystalline  iron  phosphate  compounds,  such 
as  strengicc  (FeP04)  or  vivianice  (Fe3(P04) 2).  were  unimportant  as  major 
sediment  components. 

It  cannot  be  determined  from  the  data  whether  calcium-bound  phosphates, 
such  as  hydroxylapatite  (Ca50H(P04) ,  were  present.  However,  in  a  reasonably 
hard  water  system  such  as  the  St.  Lawrence  River,  hydroxylapatite  may  be  a 
stable  solid  phase  phosphorus  compound  in  sediments,  Williams  and  Mayer  (1972) 
found  hydroxylapatite  in  nearshore  sediments  of  Lakes  Erie  and  Ontario,  which 
were  attributed  to  terrestrial  sources.  Thus,  bearing  in  mind  the  harder 
waters  found  in  the  tributaries  at  two  of  the  three  major  locations  studied, 
hydroxylapatite  may  be  a  significant  component  of  the  total  phosphorus  in  St. 
Lawrence  River  sediments,  as  a  result  of  te'rrestrlal  input  during  runoff,  or 
possibly  dlagenlc  formation  in  hard  water  wetland  areas. 

Several  investigators  have  shown  a  significant  relationship  between 
biologically-available  phosphorus  and  the  extractable  (0.1  N  NaOH)  phosphorus 
fraction  of  lake  sediments  (Wildung  et  al.,  1977)  and  suspended  matter  in 
urban  runoff  and  Lake  Ontario  tributaries  (Cowan  and  Lee,  1976).  Thus, 
concern  for  the  effects  of  winter  navigation  on  the  river  environment  should 
include  consideration  of  the  potential  Increase  in  biologically-available 
phosphorus  which  would  follow  resuspension  and  translocation  of  sediments 
from  areas  rich  in  extractable  phosphorus.  The  results  of  this  investigation, 
though  limited  In  scope,  suggest  that  wetlands  (Table  7  )  and  bays  (Appendix 
B  ),  and  nearshore  areas  in  some  instances,  are  the  general  locations  of 
concern  with  respect  to  such  potential  sources  of  phosphorus.  Given  the 
apparent  phosphorus-limited  conditions  under  which  primary  producers  occur  in 
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the  river  (see  Chapter  l.II.  ),  increased  phosphorus  availability  has  the 
potential  to  permit  increased  standing  crops  of  algae,  particularly  in 
downstream  areas  with  relatively  high  hydraulic  retention  times,  as  at  locks 
and  power  pools.  The  degree  to  which  resuspended  sediments  would  constitute 
a  significant  load  of  biologicaiiy-availabie  piiosphorus  to  the  St.  Lawrence 
River  cannot  be  assessed  with  present  data. 

Heavy  Metals.  Zinc  was  present  in  sediment  samples  at  levels  which  fell 
within  the  range  of  values  reported  by  Scrudato  (1978),  while  copper  was 
found  to  be  generally  higher  than  previously  reported.  Zinc  in  the  sediments, 
taken  from  wetland  sites  at  Blind  Bay  and  Morristown  was  at  levels  which  are 
characteristic  of  heavily  polluted  harbors,  according  to  EPA  guidelines 
(EPA,  1977).  While  the  Morristown  location  appears  to  be  significantly 
affected  by  cultural  activities,  which  include  water-based  recreation,  the 
Blind  Bay  area  is  undeveloped,  with  the  exception  of  a  small  marina.  Thus, 

Che  elevated  zinc  levels  in  the  Blind  Bay  wetland  are  difficult  to  interpret 
with  regard  to  source.  However,  cultural  sources  are  suspected  in  the  case  of 
zinc  in  the  sediments  taken  near  Morristown.  At  Brandy  Brook  zinc  was  present 
in  all  sediment  samples  at  levels  classified  as  moderately  polluted  by  EPA 
Guidelines,  with  the  exception  of  a  shoal  sample  (Appendix  B  )  which  would 
be  classified  as  non-polluted . 

Copper  was  found  at  levels  characteristic  of  heavily  polluted  harbors  in 
the  wetlands  of  Morristown  and  Blind  Bay.  At  Brandy  Brook,  copper  was  at 
moderate  levels  with  the  exception  of  a  nearshore  sample  (;/17)  which  likely 
was  contaminated  during  analysis. 

As  was  true  for  phosphorus,  the  concern  for  heavy  metals  in  the  sediments 
of  the  St.  Lawrence  River  focuses  on  the  potential  for  resuspension  and  down¬ 
stream  transport  of  metals  due  to  activities  associated  with  winter 
navigation.  Both  zinc  and  copper  are  toxic  at  low  concentrations  to  aquatic 
biota.  Consequently,  movement  of  sediments  containing  the  metals  and 
deposition  downstream,  or  merely  desorption  after  resuspension,  have  the 
potential  for  creating  toxic  conditions  for  susceptible  components  of  the 
aquatic  community.  The  toxic  action  might  be  a  direct,  lethal  effect,  which 
would  reduce  species  diversity  and  permit  only  tolerant  organisms  to  survive. 
Or,  the  effect  could  be  sublethal  and  result  in  biological  magnification 
through  the  aquatic  food  web.  Furthermore-,  the  concern  for  heavy  metal 
transport  by  sediment  perturbation  extends  to  public  health  and  the  potential 
for  introduction  of  toxic  metals  Into  public  supplies  of  drinking  water. 
However,  zinc  and  copper  are  essential  elements  and,  at  the  levels  observed  in 
sediment  samples,  do  not  suggest  public  health  problems  for  consumers  of 
river  water  after  adequate  treatment. 

Control  Sites  Comparison 

As  noted  earlier  (Chapter  l.II.  ),  none  of  the  sediment  characteristics 
which  were  measured  on  repeated  samplings  at  the  same  sites  showed  significant 
change  from  one  period  to  the  next.  That  is,  the  error  variance  for  parameters 
measured  on  replicated  samples  taken  during  one  period  was  greater  than  the 
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variance  which  could  be  attributed  to  changes  in  parameters  over  the  time 
interval  which  separated  the  samples.  Thus,  no  significant  trends  were 
observed  in  sediment  characteristics  at  any  of  the  major  locations,  and  no 
predictable  changes  could  be  delineated.  The  salient  characteristics  of  the 
sediments  at  each  location  are  presented  in  the  discussion  preceeding  and 
Chapter  l.II. 


28 


1.  IV.  ANALYSIS  OF  PAIRED  SITE  RELATIONSHIPS 


GENERAL  AFPROACH 


A  aiajor  objective  of  this  investigation  was  to  determine  the  degree  to 
which  changes  in  water  quality  at  one  location  on  the  St.  Lawrence  River  were 
related  to  and  might  be  predicted  from  changes  in  water  quality  at  a  second 
location.  In  particular  the  investigation  sought  to  determine  the  extent  to 
which  water  quality  in  the  proposed  "Demonstration  Corridor"  could  be 
predicted  from  measurements  of  water  quality  taken  outside  of  the  Corridor. 
Stated  differently,  the  study  sought  to  determine  the  extent  to  which  sites 
outside  the  Corridor  could  serve  as  "experimental  controls,"  to  be  monitored 
coincidently  with  sites  in  the  Corridor  during  vessel  transits  under  demon¬ 
stration  conditions  as  a  check  on  the  effects  of  winter  navigation  on  water 
quality  in  the  St.  Lawrence  River. 

The  approach  which  was  taken  toward  assessing  the  degree  of  relationship 
which  existed  between  water  quality  parameters  measured  in  the  Corridor 
(Morristown  sites)  and  those  at  locations  outside  the  Corridor  (Blind  Bay  or 
Brandy  Brook  sites)  consisted  of  four  steps.  The  first  step  amounted  to 
elimination  of  Che  water  quality  parameters  which  did  not  show  significant 
amounts  of  coincident  variation  at  sices  in  and  out  of  the  Demonstration 
Corridor.  The  elimination  step  thus  provided  a  subset  of  the  original 
variables,  each  member  of  which  showed  a  significant  degree  of  correlated 
variation  in  samples  taken  from  sices  at  Morristown  and  either  Blind  Bay  or 
Brandy  Brook.  In  the  second  step,  the  subset  of  corrleated  parameters  was 
analyzed  by  the  statistical  procedure  known  as  canonical  correlation  analysis 
(CANONA) .  CANONA  is  a  multivariate  extension  of  bivariate  product-moment 
correlation  analysis,  a  procedure  which  has  been  used  commonly  to  study  Che 
existence  of  relationships  between  two  variables.  Rather  chan  searching  for 
relationships  between  single  pairs  of  variables  as  in  bivariate  correlation, 
CANONA  examines  two  groups  of  paired  variables  for  relationships  or  patterns 
of  variation.  Accordingly,  the  subset  of  water  quality  parameters  which  showed 
coincident  variation  at  sices  in  and  out  of  the  Corridor  were  used  as  the  input 
variables  to  CANONA.  Two  important  pieces  of  information  obtained  from  CANONA 
are  (1)  the  coefficient  of  canonical  correlation,  R^.;  and,  (2)  the  canonical 
variates.  The  coefficient,  R^,  is  similar  conceptually  to  the  more  familiar 
product-moment  coefficient  of  correlation,  r.  However,  R(.  amounts  mathemati¬ 
cally  to  the  correlation  between  two  composite  variables  whose  membership 
corresponds  to  the  grouped  parameter  subset.  The  canonical  variates  consist 
of  weighting  factors  or  coefficients  which  maximize  the  correlation  between  the 
composite  variables  and  interpret  the  pattern  of  variation  in  a  manner  which 
best  reproduces  the  original  matrix  of  correlations  between  water  quality 
parameters.  Several  secs  of  canonical  variates  may  be  required  to  reproduce 
all  the  intercorrelaclons  in  a  specific  data  sec.  Further  details  concerning 
CANONA  can  be  found  in  Harris  (1975). 

The  third  step  In  the  approach  taken  to  assess  relationships  between 
specially  separated  measurements  of  water  quality  amounted  to  interpretation 
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of  the  canonical  variates  in  realistic  terms.  This  step,  while  highly 
desirable,  is  not  always  possible  since  interdependent  relationships  (such  as, 
dissolved  oxygen  and  total  phosphorus,  dissolved  oxygen  and  temperature) 
cannot  be  separated  cleanly  into  the  orthogonal,  or  uncorrelated,  canonical 
variates  as  occurs  during  the  analysis.  Nonetheless,  examination  of  the 
relationships  identified  by  the  variates  can  be  valuable  and  may  suggest  which 
parameters  are  sufficiently  linked  between  locations  as  to  provide  the 
potential  to  predict  changes  in  water  quality. 

The  last  step  in  assessing  water  quality  relationships  between  locations 
amounted  to  a  factor  analysis  of  the  subset  of  parameters  which  showed  a 
significant  degree  of  correlation  at  sampling  sites  in  and  out  of  the  Corridor. 
Basically,  the  analysis  reduces  the  total  number  of  parameters  and  their 
variances  to  a  smaller  number  of  ’'factors”  which  accounts  for  the  observed 
correlations  between  parameters  in  a  sec  of  observations.  After  the  major 
factors  have  been  identified,  comparisons  are  made  between  the  factors  which 
are  responsible  for  variation  in  water  quality  parameters  at  sites  in  and  out 
of  the  Corridor,  in  an  attempt  to  find  similar  factors.  Since  the  effects  of 
time  were  not  considered  in  developing  the  zero-order  correlations  between 
parameters,  it  was  presumed  that  time  related  phenomena  would  play  a  major  role 
in  interpretation  of  the  results  of  the  factor  analysis. 

APPLICATION  OF  PROCEDURES 

Selection  of  Site  Pairs 

For  the  analysis  of  paired  sice  relationships,  several  potential  pairing 
criteria  were  examined.  However,  the  final  selection  of  sites  and  dates  was 
made  on  Che  basis  of  completeness  of  data  as  it  was  felt  that  the  objectives  of 
the  analysis  could  best  be  served  by  examining  relationships  between  all 
parameters  measured.  Thus,  all  sites  from  Blind  Bay  and  Brandy  Brook  were 
paired  with  sites  of  similar  habitat  type  at  Morristown  for  coincident  sampling 
daces  for  samples  which  were  not  missing  data.  The  pairings  are  given  In 
Table  10. 

Correlation  Between  Parameters 

Product-moment  correlation  coefficients  (r)  between  all  water  quality 
variables  measured  at  the  site  pairings  indicated  In  Table  10  were  calculated 
and  tested  for  significance  (Rohlf  and  Sokal,  1969) .  The  extensive  number  of 
correlation  coefficients  so  generated  were  reduced  to  form  a  manageable  matrix 
by  elimination  from  further  consideration  those  water  quality  parameters  which, 
individually,  showed  doubtful  correlation  (a  ^  0.05)  between  sites  In  and  out 
of  Che  Corridor.  The  parameters  which  showed  significant  correlation  (a  <  0.05) 
were  included  In  the  reduced  matrix.  The  list  of  correlated  variables  consisted 
of  temperature  (TEMP),  dissolved  oxygen  (DO),  pH,  total  soluble  phosphorus  (TSP) 
soluble  reactive  phosphorus  (SRP) ,  nitrate-nitrogen  (NO2) ,  calcium  (CA) ,  and 
total  hardness  (TH) .  A  correlation  matrix  for  this  list  of  water  quality 
variables  based  on  sample  pairings  as  indicated  above  is  shown  in  Table  11  . 
Water  quality  parameters  which  did  not  show  significant  correlation  for  the  site 


Table  10 


Sample  Pairs  Analyzed  by  Multivariate  Methods, 
Given  by  Date,  Location,  and  Site;  St.  Lawrence 

River,  1979 


Sampling 

Date 

Location  Outside  Corridor  ( 

Location  Inside  Corridor  j 

Location 

Sices 

Location 

22879 

Blind  Bay 

1,2 

Morristown 

11,12 

33079 

Blind  Bay 

'1.2 

Morristown 

11,12 

22879 

Blind  Bay 

3,4,5 

Morristown 

16,17,18  1 

31379 

Blind  Bay 

3,4,5 

Morristown 

16,17,18 

22879 

Blind  Bay 

6,7 

Morristown 

13,14  1 

31379 

Blind  Bay 

6,7 

Morristown 

13,14 

33079 

Blind  Bay 

6,7 

Morristown 

13,14 

42379 

Blind  Bay 

6,7 

Morristown 

13,14 

22879 

Blind  Bay 

8 

Morristown 

15 

33079  1 

Blind  Bay 

8 

Morristown 

15 

33079 

Blind  Bay 

3 

Morristown 

27 

42379 

Blind  Bay 

8 

Morristown 

27 

33079 

Blind  Bay 

9 

Morristown 

28 

42379  i 

Blind  Bay 

9 

Morristown 

23 

33079 

Blind  Bay 

10 

Morristown 

28 

42379 

Blind  Bay 

10 

Morristown 

28 

22379 

Brandy  Brook 

19,20,21 

Morristown 

16,17,18 

30979 

Brandy  Brook 

19,20,21 

Morristown 

16,17,18 

22379  . 

Brandy  Brook 

22,23 

Morristown 

11,12 

30979 

Brandy  Brook 

22,23 

Morristown 

11,12 

33079 

Brandy  Brook 

22,23 

Morristown 

11,12 

33079 

Brandy  Brook 

24 

Morristown 

27 

33079 

Brandy  Brook 

24 

Morristown 

15 

22379 

Brandy  Brook 

26 

Morristown 

13,14 

30979 

Brandy  Brook 

26 

Morristown 

13,14 

33079 

Brandy  Brook 

26 

Morristown 

13,14 
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Table  11 


Matrix  of  Zero  Order  Correlation  Coefficients  Between  Water  Quality 
Parameters  Measured  in  and  out  of  Demonstration  Corridor 


(N  ■  26,  r 


crit,  0.05 


0.388) 


Sites 

In  Corridor 

(Morristown) 

Sites  Outside  Corridor 

(Blind  Bay  and  Brandy  Brook) 

TEMP 

DO 

pH 

TSP 

SRP 

NO^ 

CA 

TH 

TEMP 

0.967 

0.194 

0.515 

-0.122 

-0.260 

-0.366 

0.073 

0.025 

DO 

0.050 

0.478 

0.460 

-0.316 

-0.400 

-0.100 

0.049 

-0.018 

pH 

0.684 

0.642 

0.875 

-0.390 

-0.408 

-0.290 

0.260 

0.192 

TSP 

-0.252 

-0.636 

-0.824 

0.682 

0.496 

-0.090 

-0.554 

-0.503 

SRP 

-0.279 

-0.603 

-0.763 

0.598 

0.417 

-0.064 

-0.372 

-0.322 

NO^ 

-0.553 

-0.335 

-0.604 

0.513 

0.655 

0.612 

-0.102 

-0.632 

CA 

-0.081 

0.151 

0.273 

-0.588 

-0.391 

0.106 

0.558 

0.538 

TH 

-0.163 

0.028 

0.111 

-0.528 

-0.320 

0.142 

0.445 

0.435 
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pairs  included  turbidity  (r  ■  0.005),  suspended  solids  (r  =  0.320),  alkalinity 
(r  ■  0.305),  total  phosphorus  (r  =  0.311),  total  KJeldahl  nitrogen 
(insufficient  data),  and  chloride  (r  *  0.344). 

In  examining  the  correlations  presented  in  Table  11  it  should  be  recognized 
that  significance,  in  a  statistical  sense,  does  not  imply  the  existence  of 
cause-effect  relationships  with  significance  in  an  environmental  sense.  This  is 
especially  true  for  the  present  study  where  experimental  control  over  the 
monitored  variables  was  not  malnyalned .  Thus,  the  coefficients  in  Table  11 
indicate  only  the  degree  to  wnich  water  quality  parameters  measured  in  the 
Corridor  varied  in  a  consistent,  coincident  pattern  with  similar  parameters 
measured  at 'locations  outside  of  the  Corridor.  Bearing  this  in  mind,  the  simple 
correlation  coefficients  in  Table  11  suggest  that  while  measured  values  of  a 
specific  parameter  at  sites  in  the  Corridor  may  correlate  with  the  same 
parameter  at  sites  outside  the  Corridor,  other  parameters  measured  outside  the 
Corridor  may  correlate  with  the  original  parameter  to  a  greater  degree  than  the 
original  parameter  itself.  For  example,  soluble  reactive  phosphorus  (SRP) 
measured  at  Morristown  showed  a  low  but  significant  correlation  (r  ■  0.417) 
with  SRP  measured  at  the  other  locations.  However,  SRP  at  Morristown  sices 
showed  higher  correlations  with  TSP  (r  =■  0.598),  DO  (r  »  -0.603),  and  pH  (r  » 
-0.763)  as  measured  on  water  samples  from  sites  at  the  other  locations.  In 
fact,  an  examination  of  Table  shows  that  five  of  the  eight  parameters 
included  for  detailed  analysis  were  more  highly  correlated  with  dissimilar  than 
similar  parameters  for  the  site  pairs  of  interest. 

With  regard  to  the  objectives  of  this  investigation  as  they  concern  the 
potential  for  predicting  water  quality  at  a  location  within  the  Corridor  from 
external  measurements,  the  foregoing  results  indicate  strongly  that  simple 
bivariate  relationships  oversimplify  the  complexity  of  interactions  that  affect 
water  quality  in  the  St.  Lawrence  River  and  the  multiplicity  of  habitats 
therein.  The  oversimplification  is  apparent  from  the  extent  of  intercorrela- 
tiou  between  parameters  as  found  in  Table  11.  As  a  result  of  intercorrclation, 
simple  bivariate  regression  models  are  doomed  to  inefficiency  as  predictors  of 
water  quality  parameters,  since  they  cannot  account  for  the  indirect  effects 
of  uncontrolled  variation  in  correlated  parameters.  A  multivariate  solution  to 
the  problem  of  making  predictions  is  the  only  realistic  approach.  The 
techniques  which  were  employed  to  investigate  the  multivariate  relationships 
Inherent  in  the  set  of  water  quality  parameters  included  CANONA  and  factor 
analysis. 

Canonical  Correlation  Analysis 

The  objectives  of  CANONA  can  be  compared  to  those  of  a  more  familiar 
technique,  multiple  regression.  During  a  multiple  regression  analysis  the 
objective  is  to  predict  one  dependent  variable  from  several  independent 
variables  by  determining  the  appropriate  weighting  factors,  or  regression 
coefficients,  for  the  prediction  equation.  Thus,  In  multiple  regression  the 
dependent  variable  is  predicted  by  a  composite  of  independent  variables.  In 
CANONA  the  objective  can  be  viewed  as  prediction  of  several  dependent  variables 
from  several  independent  variables  by  determining  the  appropriate  weighting 
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factors.  In  either  case  the  criterion  for  selection  of  the  weighting  factors 
is  the  same,  maximum  correlation  between  the  composite  independent  and 
dependent  variables.  In  CANONA,  however,  the  distinction  between  dependent 
and  independent  variables  becomes  problematic. 

The  results  of  CANONA  as  applied  to  the  paired  sites  data  are  summarized 
in  Table  12  ,  which  lists  the  coefficients  of  canonical  correlation  (R^)  and 
the  coefficients  for  four  canonical  variables  each  of  which  describe 
relationships  with  high  levels  of  statistical  significance  (a  <  0.001).  The 
first  pair  of  variates  indicates  that  warm  periods  with  low  total  soluble 
phosphorus  and  high  calcium  at  Morristown  sites  occurred  at  the  same  time  as 
periods  of  low  dissolved  oxygen  and  total  soluble  phosphorus,  but  high  pH  and 
soluble  reactive  phosphorus  at  Blind  Bay  and  Brandy  Brook  sites.  The  second 
pair  of  variates  suggests  that  cold  periods  at  Morristown  under  conditions  of 
low  total  soluble  phosphorus,  but  high  levels  of  nitrate  and  total  hardness, 
generally  occurred  at  the  same  time  as  periods  of  cold  temperatures  when  total 
soluble  phosphrous  and  calcium  were  low,  but  dissolved  oxygen,  soluble  reactive 
phosphorus,  and  total  hardness  were  high  at  the  other  locations.  The  third 
pair  of  canonical  variates  indicates  that  at  Morristown  periods  of  high  pH, 
soluble  reactive  phosphorus,  nitrate,  and  calcium,  and  low  total  soluble 
phosphorus  and  total  hardness  occurred  at  the  same  time  as  periods  at  Brandy 
Brook  and  Blind  Bay  when  total  hardness  and  total  soluble  phosphorus  were  at 
elevated  levels  and  calcium  was  relatively  low.  The  fourth  pair  of  variates 
suggests  that  cold  periods  at  Morristown,  when  characterized  by  elevated  levels 
of  pH,  dissolved  oxygen,  soluble  reactive  phosphorus,  and  calcium,  were 
coincident  with  cold  periods  at  the  other  locations  when  dissolved  oxygen  and 
total  soluble  phosphorus  were  high  and  pH,  soluble  reactive  phosphorus,  and 
nitrate  were  low.  Such  a  large  cluster  of  relationships  requires  some 
clarification  to  be  meaningful. 

Interpretation  of  Paired  Site  Relationships 

In  examining  the  relationships  betwwen  the  paired  sites  as  described  by 
the  canonical  variables  it  should  be  recognized  t;hat  the  distinction  between 
high  and  low  levels  of  a  parameter  is  based  on  the  magnitude  of  the  parameter 
compared  to  its  average  value  for  all  sites  at  a  location.  Nonetheless,  it 
becomes  obvious  from  a  close  examination  of  the  paired  variates  that  doubtful 
environmental  significance  can  be  attached  to  the  relationships  predicted 
between  parameters  at  the  paired  sites.  This  is  true  even  though  very  distinct 
patterns  of  variation  existed  between  parameters  measured  at  Morristown  and 
the  same  parameters  measured  at  sites  outside  the  Corridor.  For  example, 
calcium  and  total  hardness  were  correlated  positively  among  sites  at  each 
location  (a  <  0.01)  and  between  locations  (a  <  0.05).  However,  the  canonical 
coefficients  for  these  parameters  in  all  pairs  of  canonical  variates  showed 
an  inverse  relationship  rather  than  direct.  Also,  the  relationship  between 
total  soluble  and  soluble  reactive  phosphorus,  as  shown  by  the  paired  canonical 
variates,  was  inverse,  in  contrast  to  the  positive  correlations  (a  <  0.05) 
found  both  within  and  among  locations  for  these  parameters  during  this 
investigation.  Thus,  it  appears  that  environmentally  significant  factors,  such 
as,  precipitation,  dilution  by  runoff  waters,  gas  exchange,  organic 
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Table  12 


Summary  Statistics  from  CANONA  Conducted 
on  Paired  Sites  (N  ■  26) 


Coefficients 

For  Canonical 

Variables  From  Parameters  Measured  Outside  of  Corridor! 

Parameters 

First  Vnrinte 

Second  Variate 

Third  Variate 

Fourth  Variate 

TEMP 

0.25705 

-0.34877 

0.36193 

-0.70431 

DO 

-0.44A80 

0.36737 

0.37646 

1.31643 

pH 

1.01132 

-0.26183 

0.06718 

-0.48145 

TSP 

-0.73937 

-1.31061 

0.70151 

0.90420 

SRP 

0.50492 

0.92529 

0.11063 

-0.93957 

NO^ 

-0.09970 

0.21876 

0.44062 

-0.73626 

CA 

0.24596 

-1.44495 

-0.49094 

0.09493 

TH 

-0.28568 

1.73739 

0.86025 

-0.03134 

Coefficients 

For  Canonical 

Variables  From  Parameters  Measured  In 

Corridor 

Parameters 

First  Variate 

Second  Variate 

Third  Variate 

Fourth  Variate 

TEMP 

0.49624 

-0.39751 

-0.16507 

-1.34732 

DO 

0.10916 

0.18344 

0.16651 

0.53753 

pH 

-0.03422 

-0.21659 

2.12238 

2.33594 

TSP  . 

-0.37629 

-0.64162 

-0.60296 

0.13966 

SRP 

-0.14376 

-0.16292 

1.61227 

1.55491 

NO3 

-0.14572 

0.43744 

1.76388 

0.21313 

CA 

0.31986 

-0.18958 

1.68009 

0.64734 

TH 

-0.07615 

0.48872 

-1.74161 

-0.29968 

Canonical 
Correlation 
(a  <  0.001, 
all  variates 

0.997 

) 

0.981 

0.955 

0.936 
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decomposition,  and  growth  are  sufficiently  unrelated  in  time  and  space  between 
the  locations  studied  that  fheir  effects  on  water  quality  are  confounded 
beyond  recognition  by  intercorrelations  between  the  various  parameters. 
Consequently,  the  most  accurate  predictions  of  water  quality,  on  the  basis  of 
the  paired  site  data  collected  during  Che  present  investigation,  can  be 
calculated  from  empirical  equations  (the  canonical  variates)  which  are  unsound 
in  ecological  terms.  The  investigators  do  not  recommend  such  an  approach.  A 
more  useful  and  ecologically  meaningful  method  for  prediction  of  water  quality 
along  the  St.  Lawrence  River  would  focus  on  development  and  use  of  a 
deterministic  model  of  the  system.  A  suitable  model  would  incorporate 
relevant  hydraulic  and  ocher  physical  characteristics,  as  well  as  the  important 
water  quality  parameters  in  arriving  at  predictions  for  river  reaches  of 
interest.  ' 

As  a  final  step  in  examining  the  relationships  between  water  quality 
parameters  measured  at  Morristown  sites  and  the  sites  at  Blind  Bay  and  Brandy 
Brook,  two  separate  factor  analyses  were  conducted.  One  factor  analytic 
solution  was  obtained  to  describe  the  major  factors  which  related  water 
quality  parameters  at  Morristown  sites,  and  another  was  performed  to  simmarize 
Che  factors  of  importance  at  Blind  Bay  and  Brandy  Brook  sites.  The  parameters 
which  were  included  in  the  analysis  were  limited  to  those  which  showed 
significant  (a  <0.05)  simple  correlation  between  measurements  in  and  out  of 
Che  Corridor  (Table  11).  During  the  factor  analysis,  principal  factors  were 
extracted  with  iteration  to  improve  coramunality  estimates,  and  a  Varimax 
rotation  was  employed  to  yield  the  final  factor  matrix.  The  factor  analytic 
solutions  are  presented  in  Table  13  for  sites  at  Morristown  and  Table  1^+  for 
sites  at  both  Blind  Bay  and  Brandy  Brook. 

Three  factors  were  extracted  which  accounted  for  90.8  percent  of  the 
total  variance  among  the  parameters  measured  at  Morristown.  The  most  important 
factor,  the  first  factor,  concerned  pH,  dissolved  oxygen,  and  nutrients.  At 
Morristown,  conditions  of  low  dissolved  oxygen  and  pH  were  associated  with 
elevated  levels  of  both  total  soluble  and  soluble  reactive  phosphorus,  and 
nitrate.  This  factor  partly  describes  the  water  quality  found  at  the  wetland 
sites  and  suggests  Chat  aerobic  decomposition  of  organic  matter  in  the  wetland 
areas,  with  the  release  of  CO2  (pH  reduction)  and  soluble  nutrients,  may  be 
Che  dominant  factor  In  determining  baseline  conditions  of  water  quality  in  the 
Morristown  harbor  area.  It  should  be  noted  that  total  soluble  phosphorus  and 
soluble  reactive  phosphorus  are  affected  nearly  equally  by  Che  first  factor. 

The  second  factor  indicates  chat  at  Morristown  sites,  high  levels  of  calcium 
and  total  hardness  were  associated  with  low  dissolved  oxygen  and  total  soluble 
phosphorus.  The  soluble  reactive  phosphorus  was  not  affected  to  the  same 
extent  as  the  total  soluble  fraction,  which  suggests  that  reduced  levels  of 
soluble  organic  phosphorus  were  characteristic  of  some  sites.  Again  these 
characteristics  are  descriptive  of  wetland  water  quality  at  Morristown, 
particularly  during  the  first  month  of  sampling  before  chawing  ice  and  snow 
began  to  dilute  the  contents  of  the  wetlands.  The  third  factor  involves 
temperature,  pH,  nitrate  and,  to  some  extent,  phosphorus  and  reflects  changing 
conditions  characteristic  of  the  transition  from  winter  to  spring  conditions 
on  Che  river.  At  all  Morristown  sices  as  the  ice  cover  was  lost  and  Che  water 
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Table  13 


Factor  Analytic  Solution  to  Relationships 
Among  Water  Quality  Parameters  at  Sites 
in  Corridor  (Varimax  Rotation) 


Quantity 

Factor 

n 

Factor 

n 

Factor 

n 

%  Problem 
Variance 

47.1 

30.4 

13.3 

Parameter 

Factor  Loadings 

TEMP 

-0.05605 

-0.05785 

0.88657 

DO 

-0.71434 

-0.49223 

0.04232 

pH 

-0.65953 

-0.02440 

0.74706 

TSP 

0.81555 

-0.42223 

-0.26472 

SRP 

0.87498 

-0.16868 

-0.25431 

NO3 

0.48694 

0.05744 

-0.61094 

CA 

-0.14511 

0.96754 

-0.01913 

TH 

-0.00522 

0.98401 

-0.09751 

Table  14 

Factor  Analytic  Solution  to  Relationships 
Among  Water  Quality  Parameters  at  Sites 
out  of  Corridor  (Varimax  Rotation) 


Quantity 

Factor 

Factor 

Factor 

Factor 

#1 

n 

n 

X  Problem 

41.5 

19.8 

16.9 

15.4 

Variance 

Parameter 

Factor  Loadings 

TEMP 

0.32032 

-0.42436 

0.07423 

0.65382 

DO 

0.65385 

-0.11511 

0.70070 

-0.17714 

pH 

0.87431 

-0.17258 

0.41628 

0.16493 

TSP 

-0.69971 

0.36883 

0.40664 

0.37774 

SRP 

-0.67068 

0.47361 

0.45199 

0.19580 

NO3 

0.04515 

0.20533 

0.33422 

-0.55470 

CA 

0.75752 

0.61385 

-0.17154 

0.10797 

TH 

0.68080 

0.68085 

-0.21058 

0.14848 
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warmed,  pH  increased  as  a  result  of  CO2  given  off  to  the  atmosphere  and  nitrate 
declined,  possibly  as  a  result  of  increased  river  plankton  production.  The 
moderate  decline  in  soluble  phosphorus  fractions  which  occurred  coincident  with 
the  nitrate  tends  to  support  increased  biological  activity  as  the  third 
factor  which  Influenced  water  quality  at  Morristown. 

To  describe  the  water  quality  characteristics  at  Blind  Bay  and  Brandy 
Brook,  four  factors  were  obtained  which  accounted  for  a  total  of  93.6  percent  of 
the  total  variance  among  parameters  measured  at  the  two  locations.  The  first 
and  most  important  factor  indicates  that  as  the  water  began  to  warm, the  water 
quality  at  sites  out  of  the  Corridor  were  characterized  as  relatively  high  in 
pH,  dissolved  oxygen,  and  the  hardness  cations,  but  low  in  phosphorus.  These 
conditions  were  characteristic  of  the  water  quality  at  channel,  shoal,  and  to 
some  degree  near  shore  and  bay  sices  at  the  two  locations.  This  suggests  that 
rather  than  the  wetlands,  the  more  open  water  sites  tended  to  dominate 
characteristics  of  water  quality  at  the  locations  picked  for  study  outside  the 
Corridor  at  least  during  the  period  of  this  investigation.  This  conclusion  is 
biased  to  some  extent  by  the  rather  small  amount  of  data  available  for  analysis 
from  channel  and  shoal  sices  from  Morristown.  However,  it  indicates  Che 
magnitude  of  inaccuracy  inherent  in  attempting  to  select  specially  distinct 
sites  in  a  riverine  ecosystem  and  arbitrarily  designate  one  or  two  as  "control 
sites"  CO  form  the  basis  for  assessing  Che  significance  of  changes  in  water 
quality  at  a  third. 

The  second  and  third  factors  affecting  water  quality  at  sites  outside  the 
Corridor  describe  conditions  in  the  wetlands  of  Blind  Bay  and  Brandy  Brook, 
respectively.  Both  were  characterized  by  elevated  levels  of  nutrients  under 
ice  cover,  especially  phosphorus  at  Blind  Bay  and  nitrate  at  Brandy  Brook. 
However,  the  ice  co"''’"  remained  longer  at  Blind  Bay  and  dissolved  oxygen  and 
pH  stayed  at  low  values  under  the  ice,  while  hardness  cations  increased.  On 
the  other  hand,  at  Brandy  Brook,  the  ice  cover  in  the  wetlands  decayed  sooner 
which  permitted  dissolved  oxygen  and  pH  to  rise.  Low  values  of  calcium  and 
total  hardness  were  characteristic  of  the  Brandy  Brook  wetland  and  bay  sites 
alone. 

The  fourth  factor  Involving  water  quality  at  Blind  Bay  and  Brandy  Brook 
was  similar  in  part  to  the  third  factor  which  affected  Morristown  sites.  That 
is,  with  the  transition  to  spring  conditions,  warming  waters  were  associated 
with  declining  nitrate  concentrations.  The  relationship  was  quite  general  and 
was  observed  to  occur  at  ail  locations  with  the  exception  of  the  Blind  Bay 
wetland  sites. 

SUMMARY 


From  the  preceeding  discussion  of  water  quality  at  paired  sites  along  the 
St.  Lawrence  River  it  is  apparent  that  some  similarities  do  exist.  However, 
the  degree  of  similarity  is  generally  low  and  intercorrelations  between 
parameters  confound  the  relationships. 

As  Indicated  by  the  matrix  of  simple  correlation  coefficients  between 
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individual  parameters  measured  at  paired  sites  (Table  11),  only  water 
temperature  at  Morristown  sites  could  be  predicted  accurately  from  measurements 
of  water  temperature  at  the  other  locations  by  a  simple  bivariate  regression 
technique.  The  second  most  predictable  variable  was  pH  (r  *  0.875).  However, 
predicted  pH  values  for  Morristown  sites  still  left  unaccounted  more  than  23 
percent  of  the  variance  in  pH  actually  observed  at  Morristown  sites.  Such  as 
level  of  residual  variance  amounts  to  a  standard  error  of  estimation  (Sy/^)  of 
0.13  pH  units  which  may  provide  adequate  accuracy  for  wetland  and  bay  habitats 
where  the  range  in  pH  is  broad.  However,  for  channel  or  shoal  sites,  0.13  pH  units 
is  simply  too  inaccurate.)  The  third  most  predictable  parameter  was  total 
soluble  phosphorus  (r  =  0.682).  However,  predictions  of  total  soluble 
phosphorus  at  Morristown  would  fail  to  account  for  over  53  percent  of  the 
variance  in  total  soluble  phosphorus  found  at  Morristcvn  sites.  None  of  the 
other  correlated  parameters  provided  sufficiently  accurate  predictions  between 
locations,  when  data  from  all  sites  formed  the  basis  for  predictions. 

The  multivariate  procedure,  CANONA,  illustrated  the  potential  for 
quantifying  relationships  between  parameters  measured  at  spacially  separated 
locations,  and  the  relationships  so  developed  were  strong  enough  to  account  for 
over  99  percent  of  the  variance  in  a  set  of  paired  site  data.  However,  the 
relationships  so  quantified  were  uninterpretable  in  terms  acceptable  to 
recognized  environmental  theory.  Thus,  the  use  of  canonical  relationships  for 
predicting  water  quality  was  discouraged,  since  the  faC'ors  underlying  the 
predictive  relationships  were  unknown.  A  recommended  approach  was  to  model 
water  quality  in  such  a  fashion  t.hat  ecologically  sound  predictions  were 
possible . 

A  factor  analysis  of  water  quality  within  the  Corridor  was  compared  with 
a  similar  analysis  of  water  quality  outside  the  Corridor.  The  results  indicated 
that  the  predominant  factors  which  affected  water  quality,  as  measured  on 
samples  collected  at  the  compared  locations,  were  different  and  distinct. 

Thus,  while  the  water  quality  at  Morristown  appeared  to  be  influenced  strongly 
by  the  wetland  and  bay  water  chemistry,  at  the  other  locations  water  quality 
was  dependent  more  on  open  water  characteristics.  The  difference  in  factors 
occurred  even  though  the  locations  were  selected  to  provide  apparently  similar 
types  of  habitat  to  study. 
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CHAPTER  l.V.  CONCLUSIONS  AND  RECOMMENDATIONS 


CONCLUSIONS 


The  data  collected  and  analyzed  during  the  present  investigation  lead 
to  Che  conclusions  set  forth  below  concerning  water  and  sediment  quality  in 
the  Sc.  Lawrence  River  in  the  vicinity  of  the  proposed  Demonstration 
Corridor. 


1.  Water  quality  in  the  main  flow  of  the  St.  Lawrence  River  was  similar 
to  that  in  Lake  Ontario,  as  was  determined  from  a  comparison  of  a  wide  . 
variety  of  water  quality  parameters  between  Che  two  bodies  of  water. 

2.  Water  quality  in  peripheral  areas  along  the  river,  particularly 
wetlands  and  bays,  was  independent  of  water  quality  in  the  main  flow  during 
periods  of  ice  cover  and  spring  thaw. 

3.  Water  quality  in  the  main  flow  of  the  St.  Lawrence  River  showed 
similarities  in  magnitude  and  direction  of  change  for  several  parameters 
during  Che  investigation.  However,  it  should  be  noted  that  absent  from  the 
list  of  correlated  parameters  were  those  which  were  related  to  the  amounts  of 
particulate  matter  in  the  water.  Lacking  these  parameters,  a  paired  site 
approach  will  be  strongly  dependent  on  water  quality  parameters  which  will  be 
relatively  unaffected  by  vessel  transits  during  ice  cover.  Bearing  this  in 
mind,  the  similarities  suggest  chat  main  flow  control  sites  established 
outside  a  Demonstration  Corridor  could  be  paired  successfully  with  sites 
within  the  Corridor  to  predict  water  quality  with  sufficient  accuracy  to  test 
the  effects  of  vessel  transit  on  water  quality.  However,  data  collected 
during  Che  present  study  indicate  that  such  an  approach  can  be  considered 
valid  only  for  main  flow  sites,  especially  channel  sitos. 

4.  Water  quality  at  the  major  locations  selected  for  study,  considering 
all  habitat  types  together,  showed  relatively  low  correlation  between 
locations  for  all  parameters  with  the  exception  of  water  temperature.  Thus, 
general  and  accurate  predictions  of  water  quality  at  sites  within  the 
Demonstration  Corridor  are  not  possible  from  simple,-  direct  relationships  to 
parameters  measured  outside  the  Corridor. 

5.  Multivariate  relationships  developed  by  CANONA  showed  a  high  degree 
of  correlation  between  locations  for  all  habitat  types  considered  together. 
However,  the  relationships  so  Identified  were  impossible  to  identify  In 
ecologically  meaningful  terms  due  to  Intercorrelatlons  between  parameters. 

6.  A  multivariate  factor  analysis  of  water  quality  at  each  location 
showed  fundamental  differences  in  the  major  factor  affecting  water  quality  at 
sites  sampled  In  and  out  of  the  Corridor.  While  open  water  characteristics 
dominated  water  quality  measurements  taken  outside  the  Corridor,  within  the 
Corridor  wetland  and  bay  sites  had  a  greater  influence  on  measured  parameters. 


7.  Sediments  from  wetland  and  bay  sites  at  Blind  Bay,  Morristown,  and, 
to  a  lesser  extent,  Brandy  Brook,  showed  elevated  levels  of  phosphorus,  zinc, 
and  copper. 

8.  Sediment  quality,  as  determined  by  several  parameters,  did  not  show 
significant  changes  between  sampling  dates  at  any  of  the  habitat  sites.  Thus, 
prediction  of  sediment  quality  between  locations,  based  on  correlated  changes, 
was  not  possible. 

RECOMMENDATIONS 

Based  on  the  data  collected  and  analyzed  during  the  present  investigation 
the  recommendations  set  forth  below  are  presented  as  a  guide  to  the  design  of 
future  investigations  directed  toward  assessment  of  the  impact  of  a  demonstra¬ 
tion  of  winter  navigation  on  water  and  sediment  quality  in  the  St.  Lawrence 
River . 


1.  A  paired  site  approach  to  assessment  of  vessel  transit  impact  on 
water  quality,  wherein  control  sites  are  established  outside  of  the 
Demonstration  Corridor,  should  focus  primarily  on  main  flow  habitats:  channel, 
shoal,  and  nearshore  sites.  Other  types  of  habitat  are  not  suited  to  paired 
site  comparisons. 

2.  Only  those  water  quality  parameters  which  correlate  between  loca¬ 
tions  but  are  uncorrelated  with  each  other  should  be  employed  for  multivariate 
paired  site  comparisons;  for  example,  water  temperature,  dissolved  oxygin  or 
pH,  total  soluble  phosphorus  «  soluble  reactive  phosphorus,  nitrate,  and 
calcium  or  total  hardness. 

3.  Further  studies  of  the  relationship  between  levels  of  suspended 
particulate  matter  from  one  location  to  another  along  the  river  should  be 
performed  under  non-demonstration  conditions.  Failure  to  include  a 
particulate-related  parameter  which  correlates  between  locations  will  reduce 
the  effectiveness  of  a  paired  sites  approach  to  monitoring  demonstration 
activities. 

4.  Future  studies  should  be  directed  toward  characterization  of  the 
sediments  of  the  Corridor  with  respect  to  particle  size  distribution,  potential 
for  resuspension,  desorption  of  nutrients  and  metals,  and  biological  effects 

of  the  latter  materials. 

5.  A  deterministic  model  of  water  quality,  which  Includes  hydraulic 
as  well  as  Important  water  quality  parameters,  could  provide  a  more  accurate 
control  for  assessment  of  demonstration  activities  than  paired  sites 
comparisons.  Development  and  calibration  of  such  a  model  should  be  a  focal 
point  for  future  investigations  on  the  St.  Lawrence  River. 

6.  Investigations  of  time  and  spaclally  variant  parameters  of  winter 
water  quality  should  be  initiated  no  later  than  a  month  before  the  river  begins 
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to  freeze  over;  approximately,  mid-November.  Water  quality  parameters  are 
not  discouclnuoud  fuucciuns  of  time,  and  studies  designed  to  predict 
magnitudes  and  explain  variability  of  major  parameters  should  not  be  constrained 
by  time  factors  which  are  not  related  to  environmental  conditions. 
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PART  2 

ALsALYSIS  OF  CONTROL  SITES;  GLACIOLOGY 


2.1. 


BACKGROUMD 


Lasr  year's  report.  Ice  Survey  Studies  Related  to  Demonstration  Acti¬ 
vities  (Marshall,  1978),  consisted  of  survey  studies  of  ice  as  they  might 
relate  to  the  IT  1979  Winter  Navigation  Demonstration  activities  on  the  St 
Lawrence  River.  This  report  surveyed  the  general  ice  characteristics  of 
the  St.  Lawrence  River,  namely  the  formation  of  winter  ice  cover;  periods 
in  channel  ice  history;  the  extent  of  ice  in  average,  mild,  ar.d  severe 
winters;  ice  thickness;  and  the  duration  of  ice  cover.  The  report  also 
dealt  with  geological  ice  characteristics:  ice  as  a  geological  resource, 
ice  as  a  geological  e.xtension  of  shorelands,  and  ice  as  an  ice  rock 
canopy;  classification  of  winter  ice  environments;  stages  of  ice  formation 
and  .specific  geological  saow  and  ice  features  such  as  Che  St.  Lawrence 
ice  bridge,  snow  ice  spots  and  ridges,  migrating  snow  dunes,  and  pools 
along  the  navigation  channel.  Seven  areas  were  studied  more  specifically; 
Chippewa  Bay,  Blind  Bay,  Whaleback  Island,  Brockvilie  Rock,  the  ice  boom 
site  at  Ogdensburg,  Tibbie's  Creek,  and  Brandy  Brook.  One  can  refer  to 
this  original  report  for  any  of  this  more  general  survey  information. 

Last  year's  report  also  began  an  inventory  of  winter  and  spring  geo¬ 
logical  features  of  the  St.  Lawrence  River  ice  cover  environinents  and 
catalogued  the  natural  changes  in  the  ice  of  the  demonstration  area.  It 
al^o  attempted  Co  estimate  some  of  the  potential  impacts  of  ships'  traffic 
in  this  area  from  studies  of  the  literature  and  the  author's  personal 
experience  in  the  Sc.  Mary's  River,  Whitafish  Bay,  eastern  Lake  Superior, 
ana  along  the  Swedish  and  Finnish,  coasts.  Basically,  the  ice  survey 
report  of  1978  viewed  Che  ice  cover  of  the  20-niile  Demonstration  Corridor 
as  a  long,  narrow,  ice  rock  formation  that  forms  and  erodes  in  various 
stages  in  response  to  climatic  aiiu  hydraulic  conditions  along  the  river 
and  where  geological  time  in  terms  of  ice  rock  is  measured  in  terms  of 
30  to  100  days  for  chnnnel.s  and  100  to  155  days  for  bays. 

One  basic  conclusion  was  that  the  ice  cover  in  the  Demonstration 
Corridor  is  a  naturally  unstable  medium  due  to  short-term  weather 
f luctuations.  Ice  cover  instnhility  currently  has  impact  on  river  and 
critical  shoreline  environments.  Logically  one  may  further  conclude  that 
the  passage  of  ships  t'hrough  the  Demonstration  Corridor  will  compound  any 
already  existing  inst.nbil  1  ty . 

The  purpose  of  this  study  and  other  on-going  .studies  is  to  determine 
more  precisely  the  character  of  the  natural  instabilities.  The  ice  sur¬ 
vey  report  of  1973  defined  four  components  of  the  St.  Lawrence  River  ice 
environment  along  the  Demonstration  Corridor:  die  channel,  littoral 
shelf,  embayments,  and  wetlands.  The  author  chose  paired  control  sites 
both  inside  and  outside  t!ie  Demonstration  Corridor  and  in  this  report  will 
set  forth  the  glac iologlcal  framework  for  these  sites,  both  generally  and 
specifically.  This  report  will  plot  the  patterns  of  change  (instabili¬ 
ties)  which  now  exist,  and  because  control  sites  outside  of  the  Demonstra¬ 
tion  Corridor  have  been  included,  a  controlled  background  has  been 
established,  against  which  the  possible  impacts  caused  by  ships'  passage 
can  ..c  iih.'Ct  if  icd  . 
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2.11. 


GLACIOLOGTCAI.  OVERVIEW  OF  THE  DEMONSTRATION  CORRIDOR 


In  this  study,  it  is  useful  to  view  the  ice  cover  of  the  Demonstration 
Corridor  as  a  long,  narrow,  ice  rock  formation  some  32  km  (20  mi)  in  length. 
This  concept  provides  a  scientific  framework  within  which  to  examine  the 
changing  structural  and  stratigraphic  characteristics  of  ice  down  the 
length  of  the  corridor.  See  Figure  6. 

Primarily  on  the  basis  of  general  structural  features,  this  floating 
formation  can  be  divided  into  four  distinct  geological  units  which  cover  the 
waters  of  four  corresponding  reaches.  Some  stages  of  ice  formation  and 
erosion  in  the  corridor  occur  nearly  simultaneously  in  all  four  reaches, 
while  in  other  stages  each  reach  develops  distinctive  glaciological  charac¬ 
teristics.  These  are  determined  in  part  by  natural  conditions  and  in  part 
by  the  placement  of  engineering  structures.  During  ice  formation  and 
erosion,  various  river  environments  become  covered,  uncovered,  and  subject 
to  ice  scour  on  a  schedule  which  reflects  the  interaction  of  regional 
meteorology  with  bathymetric  and  hydraulic  conditions  that  are  the  result 
of  a  wide  variety  of  natural  and  dredged  conditions  in  channel  and  shoal 
areas,  time  of  placement  and  removal  of  ice  booms,  and  river  flow  control. 
Thus,  to  a  large  degree,  the  ice  characteristics  of  the  Demonstration 
Corridor  today  are  the  product  of  a  closely  orchestrated  series  of  engi¬ 
neering  decisions. 

This  study  seeks  to  make  a  general  evaluation  of  the  relative  glacio¬ 
logical  stability  of  various  components  of  the  St.  Lawrence  River  environ¬ 
ment  within  the  four  reaches  comprising  the  Demonstration  Corridor  by 
utilizing  Che  present  data  base  of  air  photo  indexes  and  aerial  ice  charts, 
together  with  field  data  obtained  on  bay  and  wetland  sites  during  Che  late 
winter  and  early  spring  of  1979.  In  addition,  it  seeks  to  gain  a  general 
understanding  of  the  natural  glaciological  stages  and  processes  occurring 
in  the  Demons cr;.t ion  Corridor. 
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St.  Lawrence  River  Demonstration  Corridor  and  Control  Site  Study  Area. 


2. Ill. 


REACHES  OF  THE  DEMONSTRATION  CORRIDOR 


In  general  discussions  of  winter  navigation,  the  Demonstration 
Corridor  is  viewed  os  a  narrow  expanse  of  Ice  through  which  sliips  will 
travel.  However,  when  the  corridor  is  examined  from  an  engineering  and 
glaciological  standpoint,  this  expanse  of  river  or  corridor  can  be 
variously  subdivided,  depending  on  Llie  combination  of  parameters  used. 

To  date  two  approaches  have  been  used.  The  first  was  presented  in  the 
Sc.  Lawrence  Seaway  System  Plan  for  .'Mi-Year  Navigation  (SPA.N)  (ArcCec, 

1975).  The  Seaway  was  divided  into  sixty  subreaches  from  Montreal 
Harbor  to  Tibbett's  Point,  Lake  Ontario,  based  on  the  constancy  of  hydraulic 
parameters  (cross-sectional  area,  roughness,  slope),  navigational  diff- 
culcy  (breadth  of  navigable  water),  and  glaciological  behavior.  They 
were  developed  primarily  to  aid  the  mathematical  modeling  of  ship  transit 
through  the  Seaway  under  winter  conditions.  Within  this  system  plan,  nine 
subreaches  (?f42  to  v50)  covered  the  Demonstration  Corridor.  They  are  seen 
in  Figure  7  in  relation  to  the  Demonstration  Corridor  and  to  Che  basic 
glaciological  reaches  discussed  in  this  study. 

This  study  cakes  a  second  and  slightly  different  approach  and  limits 
the  basic  subdivisions  of  the  corridor  to  only  glaciological  parameters. 

This  approach  allows  the  present  process  of  ice  formation  and  erosion  to 
define  the  naturally  occurring  units.  On  this  basis  the  Demonstration 
Corridor  is  divided  into  the  following  four  reaches:  (1)  Brockville  Narrows, 
(2)  Morristown  Poinc-Ogdensburg,  (3)  Ogdensburg  Ice  Boom,  and  (4)  Galop 
Island.  Within  this  frumowork  of  riMchof.,  the  detailed  ice  characteristics 
of  control  sites  located  in  specific  river  environments  can  be  more  readily 
evaluated . 

BASIS  OF  DEFINING  REACHES 


Concurrently  with  the  control  site  study,  the  writer  investigated  the 
glaciological  characteristics  of  pools  (open  water  areas  in  the  ice  cover) 
within  the  immodiare  aro.s  of  Influence  of  the  Demonstration  Corridor.  It 
was  found  that  within  the  ice  cover,  pool  location  and  geometry  were  ex¬ 
tremely  sensitive  indicators  of  bathymetric  and  hydraulic  conditions  (Mar¬ 
shall,  1979)  and  .ire  two  of  the  most  distinctive  features  in  defining 
glaciological  reaches. 

These  glaciological  reaches,  defined  in  part  by  both  natural  conditions 
and  by  engineering  structures,  are  units  of  the  river  where  processes  of  ice 
formation  and  erosion  have  similar  characteristics  under  pre-navigation  con¬ 
ditions.  Bathymetry  is  the  primary  basis  for  defining  two  reaches  of  the 
corridor,  the  Brockville  Narrows  and  the  Morristown  Polnt-Ogdensburg  Reaches, 
while  the  placement  of  ice  booms  defines  the  Ogdensburg  Ice  Boom  and  Galop 
Island  Reaches.  As  more  field  data  on  ice  characteristics  Is  obtained  in 
these  reaches  and  additional  information  abstracted  from  the  existing  data 
base  nf  aerial  phntns  and  Icr  rharr.s,  further  glaciological  subdivi.slon.s 
may  b._  possible.  These  divisions  serve  as  a  useful  first  approach  in 
understanding  ice  formation  and  erosion  in  Che  Demonstration  Corridor. 
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Figure  7  .  Location  of  the  St.  Lawrence  River  Demonstration  Corridor  In  Respect  to  Glaciologlcal  Reaches 
Defined  by  This  Study  and  Engineering  Subreaches  Defined  by  the  SPAN  Study. 


The  basis  for  defining  nhe  fojr  glaciological  reaches  included  within 
the  Demonstration  Corridor  is  seen  in  Figures  8  to  15.  For  each  reach 
there  is  included  a  bathymetric  chart,  a  map  of  pool  geometry,  as  well  as 
a  series  of  bathymetric  cross  sections  down  the  length  of  the  reach  which 
further  defines  the  natural  bathymetry  of  the  Demonstration  Corridor. 

The  characteristics  of  each  of  the  four  reaches  comprising  the 
Demonstration  Corridor  arc  as  follows: 

BROCKVILLE  N.VRROWS  REACH 


The  reach  designated  as  the  Brockville  Narrows  extends  from  the 
vicinity  of  Oak  Point,  Kilometer  230.9  (Mile  143.5)  to  Morristown  Point, 
Kilometer  213.0  (Mile  135.5).  This  12.9  Ion  (eight  mi)  reach  is 
characterized  by  deep,  narrow  channels  which  pass  through  a  complert  network 
of  islands  and  shoals,  giving  rise  to  a  wide  variety  of  pool  shapes  and 
sizes.  Throughout  this  reach  the  navigation  channel  passes  close  to  the 
Canadian  shore,  where  water  depths  range  from  9  m  (30')  to  43  m  (140'). 

This  great  variation  in  wacer  depth  over  short  distances  creates  extensive 
upwelling. 

The  distinctive  bath>'metry  of  this  reach  is  brought  out  by  outlining 
the  6',  12',  13',  and  24'  contours,  as  seen  in  the  upper  portion  of 
Figure  8.  The  effect  of  this  bac'v.Tnetry  in  controlling  the  pattern  of 
ice  formation  and  the  presence  of  pools  is  seen  in  the  lower  portion  of 
Figure  3,  it  should  be  noted  that  the  major  pools  lie  principally  in 
areas  deeper  than  the  24'  contour,  while  tlie  minor  pools  are  located  up¬ 
stream  of  small  shoals. 

Only  approximately  2  km  (1.2  mi)  or  6%  of  the  Demonstration  Corridor 
lies  within  this  reach;  nevertheless,  the  unit  is  treated  as  a  whole  since 
the  pattern  of  Ice  formation  and  erosion  between  Oak  Point  and  Morristown 
Point  proceeds  as  a  unit.  Downstream  of  Morristown  Point,  the  bathymetry 
is  quite  different. 

The  series  of  bathymetric  cross  sections  (/‘I  to  f‘8)  for  the  Brock¬ 
ville  Narrows  Reach  seen  in  Figure  9  illustrates  the  uniqueness  of  this 
section  of  the  river.  A  section  across  eastern  Chippewa  Bay  (C/l)  is  in¬ 
cluded  at  the  top  of  this  figure  to  illustrate  the  diversity  of  riverine 
habitats  outside  the  Demonstration  Corridor;  these  are  attributable  to 
breadth  of  the  river  and  bottom  topography. 

The  stages  of  ice  formation  and  erosion  in  the  four  reaches  of  the 
Demonstration  Corridor  are  discussed  in  Chapter  2.V. 

MORRISTOWN  POINT-OCDENSBURG  REACH 

This  16.9  k.n  (10.5  mi)  reach  extends  from  Morristown  Point,  Kilometer 
218.0  (Mile  135.5),  to  the  Ogdensburg  ice  boom,  f-'ilometer  201.1  (Mile  125), 
just  upstream  of  the  mouth  of  the  Oswegatchie  River.  Approximately  50/.'  of 
the  Demonstration  Corridor  lies  wicliin  this  reach. 
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9  .  Bathymetric  Cross  Sections,  Brockville  Narrows  Reach, 
St.  Lawrence  River. 


Basically,  it  is  a  long  trench  with  very  little  bottom  relief  and  an 
exceedingly  narrow  littoral  zone.  The  bathymetry  of  this  reach  is  seen  in 
the  upper  portion  of  Figure  10  wlioro  the  12'  and  24'  contours  define  this 
littoral  zone.  On  the  U.  S.  shore  the  zone  varies  from  approximately  50  m 
to  500  m  and  is  widest  in  the  Nevin's  Point  and  Ogdensburg  area.  Along 
the  Canadian  shore  this  zone  varies  from  50m  to  600  m  and  consists  of 
several  broad  reentrants  connected  by  narrow  littoral  zones.  Water  depths 
in  the  channel  areas  range  from  14.0  ni  (49')  to  23.2  m  (76'). 

In  contrast  to  the  Brockville  Narrows  Reach,  the  pattern  of  open 
water  areas  reflects  packing  of  ice  floes,  shear  cracks,  and  thermal  cracks 
kept  open  by  currents  rather  than  upwelllng  off  irregular  bottom  topo¬ 
graphy.  In  Figure  11  a  series  of  bathymetric  cross  sections  (IfS  to  //i6) 
down  the  length  of  this  reach  illustrate  the  transition  from  the  irregular 
bathymetry  of  the  Brockville  Narrows  Reach  (Section  #8)  to  the  smooth, 
trough-like  characteristics  of  this  reach  (Sections  #9  to  //16). 

OGDENSBURG  ICE  BOOM  REACH 


This  reach  extends  from  the  Ogdensburg  ice  boom  located  just  north  of 
the  mouth  of  the  Oswegatchie  River,  Kilometer  202.7  (Mile  126),  to  the 
downstream  end  of  Chimney  Island  Shoal,  where  the  Galop  ice  boom  is  anchored. 
Kilometer  193  (Mile  *20).  This  9.7  km  (6  mi)  reach  of  river  includes  Ogdens¬ 
burg  harbor,  Weedhouse  Bay,  the  Chimney  Point  ice  boom,  and  a  series  of 
shoals  upstream  of  Chimney  Point  which  extend  out  into  the  channel  and  on 
which  the  Ogdensburg  bridge  abutments  are  located.  Thirty  percent  (20Z)  of 
the  Demonstration  Corridor  is  located  in  this  reach. 

Downstream  of  Chimney  Point  the  channel  is  narrowed  by  Chimney  Island 
and  Chimney  Island  Shoal,  wliilo  on  iho  Canadian  shore  the  channel  Is  re¬ 
stricted  by  Drummond  Island  and  a  broad,  shallow  littoral  shelf.  On  the 
U.  S.  shore,  the  channel  swings  into  Chimney  Bay,  a  former  broad  meander 
of  the  St.  Lawrence  River*.  Tibbits  Creek  flows  into  this  bay.  On  the  U.  S. 
shore,  the  width  of  the  littoral  zone  varies  up  to  600  m,  having  its  widest 
part  in  the  vicinity  of  Weedhouse  Bay.  The  broadest  littoral  zone,  900  m, 
exist.s  along  the  Canadian  shore  In  the  vicinity  of  Johnstown,  Ontario. 

Figure  12  indicates  the  effects  of  boom  location  (ORdensburg  ice  boom) 
in  defining  the  upstream  limits  of  the  reach  and  the  24'  depth  contour  in 
determining  the  lateral  extent  of  the  pool. 

A  series  of  bathymetric  profiles  (//15  to  1/20)  detail  the  characteris¬ 
tics  of  this  reach  of  the  river.  See  Figure  13. 

GALOP  ISLAND  REACH 


The  Galop  Island  Reach,  viewed  glac tologlcally ,  extends  downstream 
from  Kilometer  180.2  (Mile  112)  to  Kilometer  193  (Mile  120)  at  the  Iro¬ 
quois  Dam.  This  reach  contains  three  channels:  the  main  channel,  which 
is  the  navigation  channel,  passes  immediately  along  the  northwest  side 
of  Galop  Island;  the  shallow  north  channel,  formerly  part  of  the  old 
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p.iire  12,  Relationship  Between  Bathymetry  ami  Pool  Ceomelry,  Ogtlenshurg  Tee  Boom  Reach 
Winter  1977-78  (Severe). 


Galop  canal,  takes  a  broad  swing  along  the  Canadian  shore  and  joins  the 
main  channel  midway  down  Galop  Island;  and  the  south  channel.  The  area 
of  the  main  and  north  channels  is  characterized  by  small  irregular  basins, 

6  m  to  10  m  (20'  to  32')  in  depth,  set  in  on  broad  littoral  areas  where 
water  depths  range  up  to  4,6  m  (15').  The  south  channel  is  characterized 
by  an  irregular  bed  consisting  of  a  series  of  roughly  elongated  basins  wi 
water  depths  of  7.6m  to  10  m  (25’  to  34'),  separated  by  shallow  threshoi 
Set'  " i gii r i'  14. 

Prior  to  the  construction  of  Che  Seaway,  the  river  flow  was  split 
around  Galop  Island  (then  unmodified  in  shape  by  dredge  spoils)  through 
the  Canadian  and  American  Galop  rapids.  Today,  56%  of  the  river  flow 
passes  through  the  main  dredged  Seaway  channel,  20%  in  the  Canadian  channel 
north  of  Prison  Island,  4%  in  the  narrow  channel  south  of  Prison  Island  cut 
by  the  International  boundary,  and  the  remaining  20%  in  the  south  channel 
(Adams,  1979). 

Figure  14  illustrates  the  existing  Galop  Island  boom  system,  which  is 
composed  of  four  individual  booms.  From  north  to  south,  these  booms  are 
referred  to  as  the  north  Galop  boom  (Boom  E) ,  the  main  Galop  boon  (Boom  G) , 
the  Galop  bocra  (Boom  C)  ,  and  the  south  Galop  boom  (Boom  D).  (St.  La’wrence 
Seaway  Development  Corp. ,  1973) 

Pool  geometry  defines  this  reach  as  extenejing  from  Boom  E  and  G 
to  the  Iroquois  Dam.  The  downstream  limit  of  the  Demonstration  Corridor 
is  located  at  Frazer  Shoal  just  below  Cardinal,  Ontario,  about  midway 
down  the  reach.  The  main  I'alop  cliannel  is  largely  open  water,  since  the 
lateral  limits  of  the  pool  are  approximately  defined  by  the  24'  depth  con¬ 
tour.  Ice  covers  the  shallow  littoral  areas  in  the  north  and  south  channel 

In  Figure  15  a  series  of  bathynnetric  cross  sections  ('‘20  to  #30) 
further  defines  the  characteristics  of  this  reach. 
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Air  Photo  Indexes 


Air  photo  indexes  were  a  primary  source  of  information  on  various 
stages  of  ice  formation  and  erosion  within  the  Demonstration  Corridor. 

The  corridor  was  usually  contained  on  two  Index  sheets  of  approximately 
50  X  135  cm,  which  included  the  reduced  images  of  about  thirty  overlapping 
photos.. 

■  The  major  limitation  of  these  indexes  was  the  fact  that  photomapping 
usually  began  early  in  January,  when  the  river  was  already  ice-covered. 
Thus  little  data  is  available  over  a  series  of  winters  on  the  stages  of 
ice  formation  and  the  characteristic  glaciological  features.  See  Appendix 
D  for  a  list  of  daces  of  U.  S.  aerial  photomapping.  In  addition,  the 
timing  of  flights  at  7  to  10-day  intervals  did  not  always  pick,  up  the 
short-term  changes  which  occur  during  Ice  formation  and  erosion.  Although 
suitable  weather  is  a  factor  at  these  times,  the  photomapping  flights  need 
to  be  tuned  to  Che  timing  of  ice  formation  and  erosion  rather  than  be  pre- 
scheduicd.  Recommendations  for  flight  scheduling  need  to  come  not  only 
from  chose  in  operational  auttioxicy  but  also  from  those-  carrying  out  gla- 
cio logical  studies. 

Another  significant  limitatic’n  of  the  indexes  occured  during  the 
period.s  of  one  to  two  woek.s  follov-ing  heavy  snowfalls.  The  definition 
of  snow-covered  areas  l.s  poor,  and  ice  detail  is  masked. 

Aerial  Ice  Chart.s 


Aerial  Ice  ciiarts  prepared  by  the  Canadian  Ice  Central,  Ottawa,  and 
m.ndt'  .iv.iil.nblo  by  the-  St.  l.awrenco  Seaway  Authority,  Cornwall,  Ontario,  were 
used  to  follow  ice  formation  and  erosion  in  the  intervals  not  covered  by 
aerial  photomapping.  See  Appendix  D  for  dates  of  Canadian  aerial  ice 
reconnaissance  In  the  years  used  for  parts  of  this  study. 

FIELD 


The  glaciological  portion  of  the  control  site  study  was  constrained 
by  problems  which  wore  compounded  by  the  late  winter  starting  date.  The 
type  of  ice  data  needed  to  evaluate  control  sites  located  In  the  various 
winter  environments  must  start  at  the  time  of  initial  ice  formation  and 
extend  through  the  period  of  ice  erosion,  a  period  which  normally  begins 
late  In  November  and  extends  Into  early  April,  approximately  100  to  150 
days.  The  political  and  administrative  delays  caused  a  mid-February  starting 
date,  and  a  ten  day  period  of  unseasonably  high  temperatures  (mid-forties  to 
low  seventies)  along  the  .St.  Lawrence  River  beginning  in  mid-March  (maximum 
73’ F  on  23  .M.irch  1979)  limited  the  Ice  season  to  30  to  40  days  within  which 
to  organize,  equip  the  field  study,  and  collect  samples. 
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The  following  sections  discuss  problems  encountered  this  past  winter 
as  an  aid  to  planning  future  studies. 

Personnel 

Because  of  the  late  starting  date,  it  was  not  possible  to  hire  full 
or  half-time  student  assistants  with  firm  time  committments  to  the  pro¬ 
ject.  Thus  it  was  necessary  to  arrange  for  an  eight-man  pool  of  students 
from  the  geology  department,  SUC  Potsdam.  The  coordination  of  student 
availability  and  vehicles  wicli  weather  conditions  was  often  difficult. 
However,  this  method  was  used  to  carry  out  the  sampling  in  the  few  remaining 
weeks  of  the  winter.  The  normal  student  committments  to  term  papers,  spring 
field  trips,  and  exam  periods  acted  to  slow  data  reduction.  Following  the 
end  of  the  academic  year  in  May,  full-time  student  assistants  gradually  be¬ 
came  available. 

Where  winter  field  projects  utlli2e  student  assistants,  it  is  necessary 
to  organize  the  project  with  sufficient  lead  time  (some  six  months  prior  to 
the  beginning  of  the  field  season),  so  that  students  can  be  recruited,  time 
committments  coordinated  with  academic  schedules,  and  financial  conditions 
arranged . 

The  personnel  problem  more  than  any  other  argues  for  organizing  these 
studies  on  at  least  a  three  year  base  so  that  trained  student  assistants 
would  be  available.  Under  a  work-study  program,  academic  credit  could  be 
arranged  for  the  winter  field  training  and  the  research  performed. 

Transoortatlon 


The  original  plan  of  study  called  for  the  use  of  alrboats  to  reach 
offshore  sites  and  snowmobiles  to  sample  the  shallow  water  wetland,  bay, 
and  shore  sites.  However,  it  was  not  possible  in  this  year's  study  to 
arrange  the  use  of  an  airboat  because  of  time  constraints.  The  principal 
modes  of  transport  were  snowmobile  and  man-haul  toboggans. 

As  an  aid  in  planning  future  studies,  something  needs  to  be  said  in 
regard  to  the  problems  encountered  In  securing  insurance  coverage  and  about 
safety  factors  in  airboat  operation  and  snowmobile  use. 

Insurance.  The  insurance  requirements  of  the  sponsoring  institution 
demanded  that  the  airboat  owner,  as  a  private  carrier,  obtain  a  compre¬ 
hensive  liability  policy  before  personnel  used  the  airboat.  Only  two  alr¬ 
boats  are  available  In  this  section  of  the  St.  I.awrence  River;  of  these,  one 
was  Interested  in  providing  services  to  the  winter  navigation  studies.  It 
was  found  that  private  airboat  owners  do  not  have  an  Insurance  history  with 
which  to  obtain  such  coverage.  Local  Insurance  agents  (where  knowledge  of 
river  conditions  is  the  best)  refused  to  take  this  risk  and  passed  the 
decision  on  to  home  offices  far  removed  from  the  scene. 

The  airboat  owner  aggressively  pursued  the  quest  for  Insurance  but  was 
met  with  repeated  refusals  and  dcl.nys.  When  possible  Insurance  carriers 
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were  located  very  late  in  the  season,  the  quoted  rate  was  prohibitively 
expensive  for  the  short  time  the  Ice  cover  might  remain,  particularly  in 
view  of  the  fact  that  the  1ce  had  already  begun  to  rapidly  erode  due  to 
the  unseasonably  warm  air  temperatures  mentioned  earlier. 

Safety  Factors.  A  government-owned,  commercially  available,  fiberglass 
airboat  was  in  operation  investigating  hanging  dams  in  the  Ogden  Island 
channels  during  the  winter  and  spring  of  1979.  Project  rc'scrtctions  did  not 
allow  this  airboat  to  be  used  in  Demonstration  Corridor  control  site  studies. 
However,  the  writer  had  the  opportunity  to  accompany  the  hanging  dam  study 
and  to  observe  the  operation  of  this  particular  model  airboat,  both  of  which 
are  pertinent  to  future  control  site  studies.  Questions  are  raised  con¬ 
cerning  hull  construction,  freeboard,  caging  of  airplane  propellers,  and 
rudder  construction. 

Winter  operations  in  a  small  boat  (airboat)  in  che  St.  Lawrence  River 
channel  with  ice  floes  and  currents  up  to  5  ft/sec  have  che  potential  of 
being  hazardous.  Adequate  lead  time  for  planning  can  greatly  reduce  these 
objective  risks.  Time  is  needed  to  carefully  consider  the  design,  materials, 
and  powerplanc  needed  for  an  airboat  adequate  for  safe  winter  operation  on 
the  St.  Lawrence  River,  and  the  question  needs  to  be  raised  whether  this 
boat,  originally  designed  for  che  Florida  Everglades  and  modified  for  Arctic 
lake  and  snow-covered  tundra  use,  has  been  adequately  redesigned  for  the 
rough  ice  and  currents  found  in  many  winter  reaches  of  the  Sc,  Lawrence. 

The  experience  of  che  U.  S.  Coast  Guard  station,  Bay  City,  Michigan,  in  che 
use  of  a  re-enforced,  aluminum  hulled  airboat  should  be  considered. 

For  chose  more  familiar  with  ocher  Great  Lakes  environments,  a  frank 
statement  needs  to  be  made — the  St.  Lawrence  River  is  not  a  lake  where 
breaking  through  on  foot  can  be  no  more  than  an  inconvenience.  Currents  over 
most  of  che  river  environment  under  study  are  sufficient  to  carry  personnel 
beneath  the  ice.  In  channel  areas  it  is  common  to  see  heavy  floes  of  winter 
•ice  many  times  the  size  of  airboats  flip  up  on  edge  and  then  disappear  under 
che  ice  cover  when  caught  by  currents  on  downstream  ice  edges. 

Questions  regarding  the  integrity  of  the  present  fiberglass  hulls 
have  been  raised  by  reports  of  cracks  and  strips  of  fiberglass  decachiag 
themselves,  resulting’  from  pos.slble  fatigue  after  operating  in  rough  ice. 

The  writer's  own  experience  when  underway  in  fast-moving  channel  waters 
raised  doubts  whether  there  is  adequate  freeboard  designed  into  the  hull. 

A  how  wave  reflected  off  an  ice  edge  met  an  oncoming  wave,  increased  Che 
amplitude,  and  when  the  boat  slid  into  th*  'e-ijltlr.g  ’'ough,  heavy  water 
was  taken  aboard,  h.ilf  filling  the  boat.  .t  nearly  stopped  dead  in  the 
water  and  was  being  carried  by  currents  Into  an  Ice  edge  situation  until 
full  power  was  applied  and  the  boat  slowly  labored  out  onto  the  ice  cover, 
v;here  drain  cocks  were  pulled. 

Other  situations,  e.g. ,  when  rudders  (which  deflect  the  airstream) 
vibrated  loose  or  when  welds  holding  Che  protective  rage  around  che  air¬ 
plane  propeller  broke  and  required  bailing  wire  repairs  while  in  channel 
areas,  suggest  chat  the  current  design  of  alrbovits  is  inadequate. 
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Other  events  late  in  the  winter  stressed  the  need  for  stringent  safety 
and  operative  procedures,  or  tragedies  will  result.  There  has  to  be  an 
awareness  of  the  potential  field  problems  that  can  result  from  political 
and  administrative  delays  in  setting  up  winter  field  studies. 

During  raid-winter  at  times  of  very  low  temperatures,  offshore  sites 
near  or  on  the  channel  have  been  reached  by  snowmobile.  However,  it  requires 
the  services  of  someone  who  has  a  p.reat  deal  of  winter  knowledge  of  the 
river  and  can  not  be  used  as  a  standard  operating  method  of  investigating 
offshore  control  sites,  for  the  risks  are  too  great.  The  writer's  study  of 
the  glaciological  characteristics  of  pools  in  various  reaches  of  the  river 
(Marshall,  1979)  demonstrated  the  short-term  fluctuations  of  ice  cover 
r^'inning  and  pool  formation  that  take  place  in  offshore  areas. 

Sampling 

Originally,  it  was  planned  that  the  samples  collected  during  the 
coldest  part  of  the  winter  would  be  sawed-out  blocks,  since  cores  at  this 
time  have  a  tendency  to  break  into  wafer-like  sections  due  to  the  increased 
hardness  and  resulting  brittleness.  However,  because  of  the  late  winter 
start  and  the  wanner  ice  temperatures,  the  samples  collected  in  wetlands, 
in  shallow  bays,  and  along  shorelines  were  primarily  3"  diameter  cores  ob¬ 
tained  with  a  C.R.R.E.L,  ice  auger. 

Transects  were  laid  out  at  right  angles  to  and  parallel  with  wetland 
edges,  bay  mouths,  and  shorelines.  Cores  were  logged  and  placed  in 
narrow,  plastic  freezer  bags  with  one  label  placed  inside  the  bag  and 
another  one  tied  to  the  top.  Plastic  bags  which  are  slightly  larger  than 
the  core  diameter  aid  in  keeping  tlie  core  segments  in  stratigraphic 
sequence.  The  bagged  cores  from  a  given  transect  were  then  placed  in 
large,  heavy  guage,  plastic  trash  compactor  bags  and  closed  with  a  twist 
tie. 


Individual  ice  blocks  were  sawed  out  of  the  ice  cover  with  a  large, 
hand  ice  saw  of  a  style  formerly  used  in  harvesting  ice.  They  were 
removed  from  the  cover  with  ice  tongs,  placed  in  large  plastic  compactor 
bags,  and  labeled. 

Because  most  of  the  .sampling  was  carried  out  at  near  or  well  above 
freezing  temperatures  and  often  under  sunny  conditions,  it  was  necessary 
to  store  and  transport  the  bagged  cores  in  extra-large  (64  gallon),  plastic, 
picnic-type  coolers  with  a  packing  of  snow.  During  late  March  and  early 
April,  pro- frozen  cooler  trays  were  distributed  among  the  cores,  in  addition 
to  snow,  to  prevent  melting  due  to  the  unseasonably  high  temperatures.  The 
coolers  were  dragged  on  toboggans  behind  a  snowmobile  or  were  man-hauled. 

Ice  Storage 

At  first,  ice  .samples  were  stored  In  a  single  twenty  cubic  foot,  top 
opening  deep  freeze.  However,  heenuse  of  the  lateness  of  the  season  and 
the  unusually  warm  weather.  It  was  necessary  to  greatly  accelerate  sampling, 


and  Che  volume  of  .samples  soon  outran  the  available  storage  space- 
Samples  vere  then  stored  in  a  small,  rented,  walk-in  space  for  ice  cube 
.storage.  I.acer  in  Che  spring,  wl)en  riiis  w.as  retiuired  for  commercial 
purposes,  samples  were  transferred  to  a  second  twenty  cubic  foot  deep 
freeze  and  into  a  portion  of  a  small  walk-in  refrigerator  located  on  the 
Clurksoii  campus. 

Labura  Lor V 

A  small  trailer  located  on  the  Clarkson  campus  and  equipped  with  a 
lab  bench  was  used  as  an  unheaced  working  space.  The  two  twenty  cubic  foot 
refrigerators  were  outside  and  adi.ncent  to  the  trailer.  A  .small  bandsaw 
was  purchased  for  sawing  ice  blocks. 

One  of  the  purposes  of  the  control  site  study  was  to  investigate 
the  structure  and  stratigraphy  of  the  ice  canopy  over  various  winter  river 
environments.  To  this  end,  icc  cores  were  illuminated  by  diffused, 
transmitted  light  and  were  photographed,  using  a  35  mm  camera.  See 
Figures  21  and  22,  for  example. 


2.V. 


ICL  ClIAIWCTLiRISTICS  01’  CONTROL  SITES 


This  chapter  sets  forth  the  ic"'  characteristics  for  paired  control 
sites  both  outside  and  inside  the  Demonstration  Corridor  by  assembling 
the  field  data  collected  during  late  winter  and  early  spring  1979  by  this 
study  and  by  drawing  from  published  and  unpublished  reports  on  St. 
Lawrence  River  ice  conditions.  Three  sites,  Morristown  Harbor,  Nevins 
Point,  and  Tibbits  Creek,  were  selected  as  control  sites  within  the 
Demonstrar Inn  Corridor;  Dlind  Bay  and  Brandy  Brook,  located  outside  the 
corridor,  served  as  upstream  and  downstream  controls  respectively. 

Chippewa  Bay,  with  its  varied  riverine  environments,  served  as  a  general 
control  area  for  comparisons  of  ice  cover  duration. 

The  various  control  sites  will  be  discussed  beginning  with  Chippewa 
Bay  and  proceeding  dotvnstream  through  the  following  four  reaches  included 
within  the  Demonstration  Corridor:  Brockville  Narrows,  Morristown  Point- 
Ogdensburg,  Ogdensburg  Ice  Boom,  and  Galop  Island.  The  Brandy  Brook  area, 
located  just  outside  the  corridor,  serves  as  the  downstream  control. 


CHIPPEI'.’A  BAY 


Chippewa  Bay,  with  its  broad  and  varied  shallow  littoral  areas,  has 
one  of  the  longest  periods  of  ice  cover  of  any  area  along  this  stretch  of 
the  river  and  can  serve  as  a  control  for  other  sites  along  the  corridor. 

Figure  16  indicates  the  various  zones  used  for  comparing  the  duration 
of  ice  cover  on  bay  and  channel  environments.  The  inner  bay  (Zone  I), 
where  the  first  ice  cover  forms  from  mid-late  November  to  mid-December, 
extends  out  to  approximately  the  12'  contour.  Ice  formation  on  the  outer 
bay  (Zone  II)  is  usually  delayed  i  rom  two  to  four  weeks  uiiu  extends  out  to 
about  the  30'  contour.  Ice  formation  gradually  extends  out  ont'^  the 
channel  area,  usually  within  or..?  wee'K  where  water  depths  are  greater  than 
30'. 

Ice  cover  duration  for  the  various  zones  oh  Chippewa  Bay  was  deter¬ 
mined  from  Cnn.adinn  aorl.Tl  ico  rharts  for  the  fourteen-year  p^^riod  1965-66 
to  1978-79.  See  Figure  17  .  Ice  cover  duration  studied  in  this  detail 
for  the  ice-forming  zones  on  Chippewa  Bay  can  be  compared  in  some  respects 
to  La'xe  Munuscor  St.  Mary's  River.  However,  comparable  aerial  observa¬ 
tions  on  the  patLerns  of  ice  formation  and  erosion  have  not  been  made  over 
that  area. 

The  variations  in  ice  cover  duration  for  inner  and  outer  Chippewa  Bay 
and  channel  are  as  follows: 

Inner  Bay  64+  to  139  days 

Outer  Bay  56  to  136  days 

Channel  52  to  116  days 
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Figtire  17  .  Comparison  of  t'»e  Duration  of  Ico  Cnvor  on  Uny  nml 
Channel  Environments,  Chippewa  Hay,  Si  .  I.awi  eiice 
River.  Winters  1978-79  to  19{>S-f)6, 


CN  O  'C 
fO  — • 


r~s  ON 

—  O'  O' 


+  +  + 

vT  {NJ  — « 

0^  C7^ 


+  f- 
\0 


1  H 

I 


I  >>  1- 
O  <0  4» 
t^lsQ  C 
O'  c 

—  rt  p-i 

3 

V  OJ 

o  o. 


I  U 

O'  r:  4) 
\o  sc  c 
(JN  C 

—  «:  I— 

3 

u .  SJ 


I  u 

CO  IQ  4J 

xc  eo  c 
ffx  c 

—  (Q  l-l 

3 

l->  o 
v  c. 
u  C. 

C  -r- 
-<  X 
3  U 


I  >-.  W  V, 

r-  (Q  ti  IJ 

v£>  aa  c  *J 

Ox  C  3 

«  n  H-i  O 

3 

wi  <u 
(U  CL 
4J  c. 


Figure  -  Contlnueil. 


winter  1966-1967 
Chippewa  Bay 


first  and  last  aerial  Ice  reconnaissance 


BLIND  BAY 


Tilt*  Blind  B.'iv  I'cinrrol  ^  1 1  [.-i  an  extensive,  nhallow  wecland  area 

set  In  bedrock.  It  lies  at  the  base  of  Chippewa  Point  and  is  open  to 
the  north  through  a  very  narrow  entrance  to  the  St.  Lawrence  River.  See 
Figure  18.  This  area  was  selected  as  a  control  site  primarily  for  its 
alignment  and  proximity  to  the  shipping  channel.  Local  residents  report 
that  bi'C  luso  oC  its  lucatiou,  the  bay  is  subject  to  tiie  efiects  of  ship- 
induced  drawdown.  Tce  samples  were  obtained  within  the  bay  from  wetland 
and  nearshore  sites. 

Duration  of  Ice  Cover 

Because  it  is  shallow  and  protected  from  winds,  the  bay  freezes  early 
and  breaks  up  late.  However,  the  determination  of  the  full  length  of  ice 
cover  duration  is  limited  by  the  first  and  last  dates  of  aerial  ice  recon¬ 
naissance.  See  Figure  19. 

The  variations  in  ice  cover  duration  between  Blind  Bay  and  the  adja¬ 
cent  shipping  channel  are  as  follows: 

92+  to  135+  days 
50  to  100+  days 


The  ice  character ist ics  were  determined  on  22  March  1979  following  a 
period  of  unseasonably  warm  weather  during  which  temperatures  reached  the 
low  seventies.  The  channel  areas  v.!ere  completely  open,  while  wave  action, 
concentrated  hy  the  narrow  luu ranee  to  the  buy,  had  caused  an  e.xtensive 
system  of  parallel  fractures  approximately  3  m  apart  Chat  extended  50  m 
to  60  m  into  the  bay.  See  Figure  1^  .  (Sita  C)  This  suggests  the  possi¬ 
bility  that  bow  waves  could  be  concentrated  in  tlie  same  manner  by  the 
narrow  bay  entrance  and  propagated  into  an  ice-covered  bay  with  similar 
results. 


Structure  and  Stratigraphy 


Cores  were  taken  on  transects  at  a  wetland  edge  (Site  A)  and  out  from 
a  rocky  shore  (Site  B) .  See  Figure  18  ,  upper. 


A  cross  section  of  the  ice  cover  structure  and  stratigraphy  at  tne 
wetland  edge  is  seen  in  Figure  20  .  This  section  indicates  chat  the  ice 
cover  at  this  time  in  the  spring  consists  primarily  of  snow  ice  and  frozen 
bottom  sediments  (cores  A2  to  A9).  In  areas  of  the  Ice  cover  now  afloat, 
snow  ice  overlies  lake  ice.  In  other  cases,  alternating  layers  of  frozen 
bottom  sediments  are  separated  hy  lake  ice  (cores  All  Co  A16). 


The  presence  of  these  tliin  lake  ice  zones  between  layers  of  frozen, 
organic-rich  bottom  sediments  has  been  ascribed  to  water  level  fluctuations. 
However,  they  may  also  be  the  result  of  the  formation  of  segregated  ice 
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Figure  18.  Location  Map  of  Ice  Sampling  Sites,  Blind  Bay  Control  Site, 
Brockvllle  Narrows  Reach,  St.  Lawrence  River. 
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AI2 


Cross  Section  of  the  Ice  Cover  Structure  and  Stratigraphy  at  the  Wetland  Edge,  Blind  Bay 
Control  Site,  St.  Lavrrence  River.  (March  22,  1979) 


layers  and  lenses  marking  periods  of  slow  downward  freezing.  Definitive 
studies  of  the  role  of  ice  layer  formation  as  a  disruptive  force  in  wet- 
land.s  require  the  identtf  Ic.nt  ton  of  the  vnriou.s  natural  proces.ses  now 
operating  in  wetland  control  sites.  Figures  21  and  22  are  photographs 
of  ice  and  frozen  sediment  cores  obtained  at  the  wetland  edge. 

It  should  be  noted  that  the  greater  snow  accumulations  which  normally 
occur  within  and  Just  at  the  edge  of  the  cattail  swamp  are  reflected  even 
at  this  date  in  greater  snow  ice  thicknesses.  Snow  and  ice  thickness  and 
water  depth  measurements  for  the  Blind  Bay  control  site  are  seen  in  Table 
15  . 

MORRISTOWN  HARBOR 

The  Morristown  Harbor  control  site  is  located  at  the  upstream  end  of 
the  Demonstration  Corridor.  It  consists  of  a  long,  narrow  reentrant  appro 
ximacely  800  m  in  length  and  100  m  in  width.  See  Figure  23.  A  bridge  spi 
the  harbor  into  an  outer  and  inner  harbor.  Water  depths  ranee  from  3  m  at 
the  bay  mouth  to  only  0.5  m  at  the  wetland  edge.  Piers  and  docks  line  the 
eastern  side  of  the  outer  harbor,  while  the  inner  harbor  upstream  of  the 
small  bridge  has  only  minor  cottage  and  private  dock  development.  It  is 
fringed  by  a  narrow  wetland.  Tiie  largest  area  of  wetland  is  located  at  th 
head  of  the  inner  harbor. 


'  Since  this  harbor  has  the  largest  variety  of  riverine  environments 
within  the  Demonstration  Corridor,  seven  ice  sampling  transects  were 
carried  out;  they  yielded  a  total  of  31  cores.  Transects  A  and  3  sampled 
the  wetland  edge  and  C  the  inner  harbor,  while  0,  E,  F,  and  0  sampled  the 
harbor  mouth,  the  shore,  and  offshore  areas. 


Ice  Duration 


Comparisons  wore  made  of  the  duration  of  the  Icc  cover  between  the 
Morristown  area,  which  includes  Morristown  Harbor  and  the  expanse  of  ice 
stabilized  by  Old  .Man  Island  and  ■  Brockville  Rock,  and  the  navigation 
channel.  See  Figure  2^. 


The  variations  in  ice  cover  duration  between 
Morristown  area  ami  the  navigation  channel  are  as 


the  stable  ice  of  the 
follows ; 


Morristown  area  61  to  93  days 

Channel  46  to  93  days 


Structure-  and  Stratigraphy 

A  cross  section  of  the  structure  and  stratigraphy  of  the  ice  cover 
formed  at  the  wetland  edge  (Transect  A)  is  seen  in  Figure  25.  Within  the 
wetland,  this  area  is  simple  in  structure,  consisting  of  snow,  snow  ice, 
and  I  I'ozeii  .sedlmeuL.  A  phcLogiapIt  of  an  Ice  and  frozen  sediment  core 
(core  A2)  taken  from  the  wetland  edge  Is  seen  in  Figure  26.  At  the  outer 
edge  of  the  wetland,  where  the  Ice  cover  is  afloat,  the  cover  consists  of 
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36 


Figure 


Figure  22  . 


Photograph  of  Ice 
Continuity  of  Ice 
ments.  Blind  Bay 
Narrows  Reach.  J.Z 


Cores  from  Wetland  Edge  Showing  Stratigraphic 
Layers  Included  Within  Frozen  Organic  Scdi- 
ontrol  Site,  St.  Lawrence  River,  Brockville 
March  1979. 
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Table  15.  Snow  and  Ice  Thickness  and  Water  Depth  Measurements  (in 
Centimeters),  Blind  Bay  Control  Site,  St.  Lawrence  River. 
Winter  1978-79,  24  March  1979. 


Core 

No. 

Snow 

Snow  Tee 

T-nko  Tee 

Frozen 

Sed Iment 

Total  Tee 

Depth  to 
Bottom^ 

All 

0 

0 

8.0 

11.0 

19.0 

*4 

A2 

0 

0 

0 

50.0 

50.0 

44.0 

A3 

0 

25.5 

0 

16.0 

41.5 

36.0 

A4 

0 

8.5 

0 

46.0 

54.5 

49.0 

A5 

0 

23.0 

0 

9.0 

32.0 

37.0 

A6 

0 

36.5 

0 

26.0 

62.5 

55.0 

A7 

0 

36.0 

0 

1.0^ 

37.0 

67.0 

AS 

0 

19.0 

0 

13.5 

32.5 

58.0 

A9 

0 

18.0 

0 

15.5 

33.5 

62.0 

AlO 

0 

21.0 

0 

14.5 

35.5 

62.0 

All 

0 

11.0 

11. 0 

12.0 

34.0 

54.0 

A12 

0 

19.5 

14.5 

0 

34.0 

55.0 

A13 

0 

20.5 

16.0 

0 

36.5 

71.0 

A14 

0 

17.0 

9.0 

5.0 

31.0 

54.0 

A15 

■  0 

0 

24.5 

0 

24.5 

59.0 

A16 

0 

3.5 

12.0 

0 

15.5 

:x59.0 

B1 

0 

19.0 

4.0 

f 

0 

23.0 

45.0 

B2 

0 

37.0 

15.0 

0 

52.0 

74.0 

B3 

0 

12.5 

24.0 

0 

36.5 

86.0 

B4 

0 

9.0 

24.0 

0 

33.0 

86.0 

B5 

0 

10.0 

24.0 

0 

34.0 

91.0 

^Letter  denotes  transect  from  which  core  was  taken.  See  Figure  20  for 
transect  location. 


^Water  depths  measured  from  top  of  ice  cover. 


^Bottom  of  core  containing  frozen  sediment  not  retained,  data  unavailable. 
^Data  not  taken. 
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Figure  23.  Location  Map  of  Ice  Sampling  Transects,  Morristown  Harbor 
Control  Site,  Brockviiie  Narrows  Reach,  St.  uawrence  River 
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WINTER 
SNOW  ICE 


FROZEN 

SEDIMENT 


Figure  26.  Ice  and  Frozen 
Sediment  Core  from  Morristown 
Harbor,  N.  Y.  Wetland  Edge. 
March  3,  1979.  (Core  A2) 


iinow,  dnow  Icc,  nnd  lake  lea.  Flguru  27  Is  a  pl)otograpli  of  an  iae  core 
characteristic  of  the  structure  of  the  ice  canopy  at  the  mouth  of  Morris¬ 
town  Harbor. 

Figure  28  traces  the  structure  and  stratigraphy  of  the  ice  cover 
from  the  bridge  in  the  inner  harbor  to  a  point  approximately  300  m 
beyond  the  harbor  mouth.  Snowdrift  accumulation  around  the  bridge 
abutments  causes  a  significant  increase  in  snow  ice  and  total  ice  cover 
thickness  in  this  area.  In  very  severe  winters  or  during  winters  of 
unusually  heavy  snowfall,  increased  ice  thickness  could  greatly  reduce 
or  cut  off  the  flow  of  water  from  the  inner  harbor  by  further  reducing  this 
narrow  channel  cross  section. 

Transect  D  extended  across  the  mouth  of  Morristown  Harbor  and  illus¬ 
trates  Ice  conditions  frequently  found  on  the  downstream  shore  of  harbor 
mouths.  See  Figure  2y.  Cora  D9  in  Figure  30  indicates  windrowing  of  ice 
early  in  the  winter  along  this  shore  and  shows  the  possibility  of  shoreline 
scour.  Later  snow  ice  accumulation  buried  this  feature.  The  following 
five  stages  of  ice  formation  can  be  seen  in  this  core:  Stage  lA — formation 
of  now  and  young  ice,  IB — the  break-up,  windrowing,  and  refreezing  of  this 
brash;  Stage  II — the  formation  of  a  thin  layer  of  lake  ice  at  the  bottom  of 
the  refrozen  brash;  Stage  III — the  formation  of  winter  snow  ice;  Stage  IV — 
formation  of  spring  snow  ice;  and  Stage  V — the  freezing  of  surface  melt 
puddles 

Table  16  lists  anew  and  Lee  thickness  and  water  depth  measurements 
taken  on  transects  A  to  G  at  the  Morristown  Harbor  control  site. 

MEVINS  POINT 


Nevins  Point  is  located  li  the  Morristown  Point-Ogdensburg  Reach 
approximately  4.5  kra  upstre. m  of  the  mouth  of  the  Oswegatchie  River. 

This  area  is  of  interest  because  upstream  of  Neylns  Point  is  a  littoral 
zone  approximately  3  km  in  length.  It  occupies  a  slight  reentrant  which 
contains  one  of  the  broader  littoral  zones  on  the  U.  S.  side  of  the 
river  within  this  reach. 

Duration  of  Ice  Cover 

The  duration  of  the  ice  canopy  over  this  littoral  zone  in  comparison 
to  the  channel  is  of  biological  Interest.  The  variation  In  ice  cover 
duration  for  the  Nevins  I’olnt  reentrant  and  the  channel  Is  as  follows: 

Nevins  Point  reentrant  62  to  103+  days 

Channel  56  to  89  days 

See  ^igure  31. 

TIBBITS  CREEK 

The  Tibbits  Creek  control  site  is  located  in  the  Ogdensburg  Ice 
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SPRING 
SNOW  ICE 
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WINTER 
SNOW  ICE 


ICE 


\lAKE  ice 


Figure  27  .  Ice  Core  from 
Morristown  Harbor,  N.  Y. 
Bay  Mouth  off  Chapman  Pt. 
March  3,  1979. 


SNOW  ICE 


Figure  28.  Cross  Section  of  the  Structure  aiul  Strut  igi.>i>l>y  of  tl>e  Ice  Cover  from  Inner  Harbor  to 
Outer  Bay,  Morristown  Harbor  Control  Site,  Brockvllle  Narrows  Reach,  St.  Lawrence 
River.  2-3  March  1979. 

^Depth  to  hot  tom 
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Figure  30.  PhiTof^rnph  of  Tcc-  Core  (D-9) 
from  Nearshore  Area,  Morris¬ 
town  Harhor  Control  Site,  St. 
Lawrence  River.  2-3  March 
1979. 
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Table  16.  Snow  and  Ice  Thickness  and  Water  Depth  Measurements  (in 

Centimeters),  Morristown  Harbor  Control  Site,  St.  Lawrence 
River.  Winter  1978-79,  2-3  March  1979. 


Core 

No. 

Snow 

Snow  Ice 

Lake  Tee 

Frozen 

Sed Iment 

Total  Ice 

Depth  to 
Bottom2 

All 

49.0 

19.0 

0 

17.5 

36.5 

39.0 

A2 

11.0 

21.5 

0 

24.5 

46.0 

49.0 

A3 

8.0 

* 

* 

45.0 

48.0 

A4 

5.0 

37.5 

0 

20.0 

57.5 

55.0 

A5 

6.0 

40.0  • 

0 

19.0 

59.0 

65.0 

A6 

5.0 

42.0 

0 

15.0 

57.0 

60.0 

A7 

6.0 

41.0 

7.5 

0 

48.5 

57.0 

AS 

6.0 

40.0 

5.5 

0 

45.5 

61.0 

A9 

5.0 

41.0 

16.0 

0 

57.0 

79.0 

AlO 

50.0 

0 

3.0 

16.0 

19.0 

* 

All 

60.0 

* 

* 

* 

35.0 

* 

B1 

4.0 

39.5 

14.5 

0 

54.0 

59.0 

B2 

4.0 

41.0 

9.5 

3.5 

54.0 

57.0 

B3 

7.0 

* 

* 

* 

56.0 

62.0 

B4 

8.0 

41.5 

11.5 

0 

53.0 

84.0 

B5 

0 

37.0 

3.0 

0 

40.0 

* 

B6 

5.0 

31.5 

21.5 

0 

53.0 

75.0 

B7 

21.0 

* 

* 

* 

23.0 

23.0 

Cl 

9.0 

19.5 

22.0 

0 

41.5 

46.0 

C2 

8.0 

49.0 

5.0 

0 

54.0 

100.0 

C3 

8.0 

45.0 

3.0 

0 

48.0 

100.0 

C4 

7.0 

32.0 

16.0 

0  ■ 

48.0 

100. 0 

C5 

15.0 

49.0 

0 

7.0 

56.0 

* 

C6 

0 

* 

* 

* 

40.0 

50.0 

C7 

6.0 

* 

* 

* 

43.0 

80.0 

C8 

0 

65.0 

10.5 

0 

75.5 

180.0 

D1 

0 

17.5 

36.5 

0 

54.6 

150.0 

D2 

0 

24.0 

26.5 

0 

50.5 

* 

D3 

0 

24.0 

23.5 

0 

47.5 

* 

D4 

0 

22.5 

27.0 

0 

49.5 

* 

D5 

0 

23.0 

28.0 

0 

51.0 

300.0 

D6 

0 

34.0 

11.5 

0 

45.5 

* 

D7 

0 

23.5 

19.5 

0 

43.0 

* 

D8 

0 

26.0 

24.5 

0 

50.0 

* 

D9 

0 

20.0 

2.0 

0 

60.0^ 

300.0 

El 

6.0 

18.0 

19.5 

0 

37.5 

900.0 

E2 

8.0 

31.5 

19.0 

0 

50.5 

900.0 

E3 

5.0 

32.5 

16.5 

0 

49.0 

750.0 
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Table  16.  Continued. 


Core 

No. 

Snow 

Snow  Ice 

Lake  Ice 

Frn^’en 

Sed iment 

Total  Ice 

Depth  to 
Bottom 

E4 

3.0 

20.5 

25.5 

0 

46.0 

700.0 

r.5 

7.0 

18.5 

25.5 

n 

44.0 

550.0 

E6 

14.0 

23.0 

23.5 

0 

46.5 

450.0 

E7 

17.0 

23.5 

23.5 

0 

47.0 

130.0 

FI 

1 

* 

★ 

* 

* 

35.0 

1030.0 

F2 

15.0 

14.0 

23.0 

0 

37.0 

1300.0 

F3 

i:.o 

17.5 

25.5 

0 

44.0 

1100.0 

F4 

12.0 

15.0 

29.5 

0 

44.5 

1300.0 

F5 

4.0 

15.0 

23.0 

0 

38.0 

1400.0 

F6 

13.0 

12.5 

28.5 

0 

41.0 

1400.0 

G1 

12.0 

15.0 

29.5 

0 

44.5 

1300.0 

G2 

4.0 

15.0 

23.0 

0 

38.0 

1400.0 

GZ 

13.0 

12.5 

28.5 

0 

41.0 

1400.0 

^Letter  denotes  transect  from  which  core  was  taken.  See  Figure  for 

transect  location. 

"Water  depths  measured  trom  top  of  ice  cover. 

^Data  not  taken. 

^Total  includes  38  cm  brash  ice  between  snow  and  lake  ice. 
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Figure  31  .  Duration  of  Ice  Cover,  Nevins  Point  Area,  1/10  to  9/10  partial  ice  coveriiiiti 

Morristown  Polnt-Ogclensburg  Reach,  St. 

Lawrence  River.  Winters  197A-75  to  1978-79.  first  and  last  aerial  ice  ,  , 


Boom  Reach  approximately  1.7  km  downstream  of  the  Ogdensburg-Prescott 
bridge.  See  Figure  32.  It  consists  of  a  small,  shallow  creek  and  wet¬ 
land  together  with  a  narrow  littoral  zone  in  front  of  the  creek  (zone  I). 
Zone  II  is  a  former  channel  of  the  St.  Lawrence  River;  Zone  III  is 
Chimney  Island  Shoal;  and  Zone  IV  is  the  present  navigation  channel. 

The  ice  cover  duration  has  been  determined  for  these  four  zones 
for  cho  years  197S-79  to  197't-75.  The  variation  in  ice  cover  duration 
is  as  follows:  (See  Figure  33.) 


Tibbits  Creek 

85 

CO 

118+ 

days 

Old  (Inner)  Channel 

45 

to 

93 

days 

Chimney  Island  Shoal 

41 

to 

93 

days 

Channel 

45 

to 

83 

days 

Table  17  lists  snow  and  ice  thickness  and  water  depth  measure¬ 
ments  for  the  Tibbits  control  site.  The  creek  was  open  on  this  date. 
Tfie  only  ice  remaining  was  located  on  the  shallow  littoral  shelf,  or 
zone  I. 


The  Brandy  Brook  control  site  is  located  21.5  km  on  the  downstream 
side  of  the  Card  inal-Frazer  Shoal  limit  of  the  Demonstrati  on  Corridor. 

It  consists  of  Brandy  Brook  and  a  few  short  tributaries,  a  broad,  shallow 
littoral  shelf,  a  former  channel  of  the  St.  Lawrence  River,  Murphy  Island 
Shoal,  and  the  navigation  channel.  See  Figure  31. 

Ice  Cover  Iteration 


The  two  ice-covered  units  used  in  the  deter uinat ion  of  ice  cover 
duration  consist  of  (1)  Brandy  Brook  and  the  littoral  shelf  and  (2)  the 
former  channel,  Murphy  Island  Shoal,  and  the  navigation  channel. 

The  variation  in  icc*  cover  duration  for  these  units  Is  the  following 

Brandy  Brook  115-h  to  128+  days 

Channel  57  to  96  days 


See  Figure  35. 

Ice  Characteristics 


Ice  and  frozen  sediment  cores  were  obtained  in  a  small  tributary  on 
the  west  side  of  the  brook  (see  boxed  area).  Figure  34. 

The  ice  cover  in  these  areas  is  subject  to  collapse  and  freeze- 
down  due  to  drawdown  of  water  levels  for  power  generation.  During  the 
spring  run-off,  the  ice  melts  free  from  the  bottom  and  rises  to  the  sur¬ 
face.  Although  ice  thickness  and  water  depth  measurements  were  taken, 
the  advanced  state  of  erosion  of  t!ie  floating  ice  floes  did  not  lend 
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old  (Inner)  Channel 
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33.  Cont  i.nuc<i  • 


Table  17.  Snow  and  Ice  Thickness  and  Water  Depth  Measurements  (in 
Centimeters),  Tibbits  Creek  Control  Site,  St.  Lawrence 
River.  Winter  1978-79,  22  March  1979. 


Core 

No. 

Snow 

Snow  Too 

T.nko  Toe 

Frozen 

Sou i mon  t 

Total  Too 

Depth 

Bottom 

Al^ 

0 

*3 

* 

* 

38.0 

68.5 

A2 

0 

* 

* 

* 

38.0 

74.0 

.^3 

0 

17.0 

10.0 

0 

27.0 

61 .0 

A4 

0 

5.0 

26.0 

0 

31.0 

79.0 

A5 

0 

13.0 

20.0 

0 

33.0 

101.5 

A  6 

0 

7.0 

22.0 

0 

29.0 

106.5 

A7 

0 

11.0 

14.5 

0 

26.5 

109.0 

AS 

0 

12.0 

12.0 

0 

24.0 

109.U 

A9 

0 

* 

* 

* 

33.0 

145.0 

^Letter  denotes  transect  from  which  core  was  taken.  See  Figure  for 
transect  location. 

Water  depths  measured  from  ton  of  ice  cover. 

^Dac.i  not  taken. 
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itself  to  stratigraphic  studies.  The  ice  cover  on  Brandy  Brook  was  unsafe 
for  travel  at  this  time. 

Table  18  lists  the  ice  thickness  and  water  depth  measurements  for 
the  Brandy  Brook  control  site  area. 


I 
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Table  18.  Snow  and  Ice  Thickness  and  Water  Depth  Measurements  (in 
Centimeters),  Brandy  Brook  Control  Site,  St.  Lawrence 
River.  Winter  l‘)7fl-79,  20  M.nrrii  l''')79. 


Core 

No. 

Snow 

SiK)w  leu 

L.iko  ]('(.■ 

Frozen 

Sed  ir.ianC 

ToLjI  leu 

Depth  to 
-bottom" 

All 

0 

29.0 

10.5 

0 

39.5 

251.0 

A2 

0 

31  .0 

13.0 

0 

44.0 

259.0 

AJ 

0 

23.  U 

14.0 

0 

42.0 

277.0 

A4 

0 

20.0 

15.0 

0 

35.0 

272.0 

A5 

0 

20. 0 

12.0 

0 

32.0 

262.0 

A6 

0 

28.0 

6.0 

0 

34.0 

213.0 

A7 

0 

*3 

* 

it 

23.0 

1S3.0 

B1 

0 

26.0 

10.0 

0 

36.0 

229.0 

32 

0 

19.0 

15.0 

0 

34.0 

226.0 

Cl 

0 

30.0 

7.0 

0 

37.0 

79.0 

C2 

0 

23.0 

3.0 

0 

26.0 

36.0 

C3 

0 

42.0 

0 

0 

42.0 

51.0 

D] 

0 

16.0 

0 

0 

16.0 

13.0 

D2 

0 

26.0 

2.0 

0 

28.0 

38.0 

D3 

0 

26.5 

4 . 5 

0 

31.0 

56.0 

D4 

0 

21.0 

8.0 

0 

29.0 

66.0 

D5 

0 

31.0 

9.0 

0 

40  0 

70.0 

D6 

0 

26.5 

9.5 

0 

36.0 

63.0 

D7 

0 

25.5 

0 

0 

25.5 

44.0 

D8 

0 

17.0 

0 

0 

17.0 

20.0 

El 

0 

21.0 

0 

0 

21.0 

26.0 

E2 

0 

41.0 

0 

0 

41.0 

42.0 

E3 

0 

16.0 

10.5 

0 

26.5 

53.0 

E4 

0 

16.0 

5.5 

0 

21.5 

47.0 

E5 

0 

42.0 

•  2.5 

7.5 

52.0 

49.0 

E6 

0 

37.0 

0 

13.0 

50.0 

46.0 

E7 

0 

30.0 

0 

10.0 

40.0 

38.0 

E8 

0 

it 

* 

* 

25.0 

27.0 

E9 

0 

it 

* 

* 

19.0 

19.0 

FI 

0 

22.5 

0 

0 

22.5 

26.0 

F2 

0 

29.0 

0 

0 

29.0 

44.0 

F3 

0 

41.5 

0 

10.5 

52.0 

44.0 

F4 

0 

48.5 

0 

7.5 

56.0 

52.0 

F5 

0 

28.5 

0 

0 

28.0 

47.0 

F6 

0 

28.5 

0 

2.0 

30.5 

40.0 

F7 

0 

37.0 

0 

3.5 

40.5 

37.0 

F8 

n 

44 . 0 

0 

0 

44.0 

39.0 
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Table  18.  Continued. 


Core 

No. 

Snow 

Snow  Ice 

Lake  Ice 

Frozen 

Sediment 

Total  Ice 

Depth  to 
Bottom 

F9 

0 

24.5 

0 

0 

24.5 

20.0 

^Letter 

denotes 

1 

transect  from 

which  core 

was  taken. 

See  Figure 

for 

transect  location. 

^Water  depths  measured  from  top  of  Ice  cover. 
^Daca  not  taken. 
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2.VL. 


CONCLUSIONS  AND  RECOMMENDATIONS 


CONCLUSIONS 


Demonstration  Corridor 

1.  Snthymctric  conditions  and  the  resulting  unwell Ing,  together 
with  the  placement  of  ice  booms,  are  the  principal  factors  that  define 
four  glac  iolog  Leal  reaches  of  tiic  Demonstration  Corridor.  These  reaches 
are  the  Brockville  Narrows,  Morristown  Point-Ogdensburg,  Ogdensburg  Ice 
Boom,  and  Galop  Island  Booms. 

2.  The  lateral  boundaries  of  pools  in  the  Ogdensburg  Ice  Boom  and 
Galop  Island  Reaches  are  largely  determined  by  the  location  of  the  24' 
depth  contour. 

3.  Pools  in  the  Morristown  Point-Ogdensburg  Reach  are  the  result 
of  the  packing  of  floes  of  loose  slush  and  fracil,  thermal  cracks,  and 
shear  cracks  kept  open  by  currents. 

4.  Ice  boom  placement  determines  the  pool  boundaries  of  the  Ogdens¬ 
burg  Ice  Boom  and  the  Galop  Island  Reaches. 

5.  In  the  Brockville  Narrows  Reach,  rough  bottom  conditions  and 
the  resulting  upwelling  are  the  principal  factor  controlling  the  location 
of  pools. 

Contru 1  Si L  c  s 


1.  The  maximum  ice  cover  durations 
sites  are  the  following: 

Chippewa  Bay 
Blind  Buy 
Morristown  Harbor 
Nevins  Point  area 
Tibbies  Creek 
•  Brandy  Brook 

2.  Wetland  edge  environments  are 
formation  consisting  of  snow  ice,  lake 
sediments. 


shallow  control 


139  days 
135+  days 
98  days 
103+  days 
118+  days 
128+  days 

covered  by  a  frozen  three-layered 
ice,  and  frozen  organic-rich  bottom 


for  protected 


RECO.^LME.ND.NTIONS 


Demonstration  Currid o r 


1.  Aerial  photomauplng  of  the  Demonstration  Corridor  beginning  at 
the  time  of  initial  ice  formation  and  extending  during  the  whole  process 
of  L-e  erosion.  In  addition,  low  altitude  missions  arc  needed  at  selected 
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times  for  stereo  examination  of  ice  conditions.  It  is  necessary  to  have 
a  complete  overview  of  100-150  day  period  that  ice  covers  the  various 
riverine  environments. 

2.  Develop  the  capacity  for  all-weather  monitoring  of  Ice  forma¬ 
tion  and  ice  erosion  in  the  Demonstration  Corridor  by  utilizing  SLAR 
(Side  Looking  Airborne  Radar)  in  coordination  with  aerial  photomapping. 

3.  Compile  photo  interpretation  guide  of  the  St.  Lawrence  River 
ice  characteristics. 

4.  Compile  a  bath3rmetrlc  chart  of  the  Demonstration  Corridor 
utilizing  the  vast  array  of  soundings  on  NOAA  field  sheets.  Versions 
of  this  chart  in  normal  format  and  shaded  relief  ^Id  in  visualizing 
the  engineering  and  environmental  factors  associated  with  demonstra¬ 
tion  voyages. 

5.  Investigate  the  structural  geology  of  ice  surrounding  pools 
originating  team  upwelling  currents  and  ice  boom  placement. 

6.  Carry  out  a  full  winter's  study  in  order  to  define  the  stages 
and  processes  occurring  in  ice  formation  and  ice  erosion  in  the  Demon¬ 
stration  Corridor.  The  study  should  extend  over  several  winters  to 
include  winters  of  varying  severity. 

f 

7.  In  the  future,  if  winter  navigation  studies  are  to  be  carried 
out  in  the  Demonstration  Corridor,  it  would  be  helpful  if  the  objectives 
of  the  scientific  programs  were  carefully  explained  in  the  media  prior 
to  Lite  studies.  This  would  serve  to  inform  residents  along  the  river 
and  help  to  allay  suspicions.  Winter  navigation  is  not  a  popular  subject 
with  these  people,  who  see  their  economic  livelihood  threatened. 

Attempts  to  develop  a  data  base  in  their  dooryards  is  often  viewed  with 
distrust.  Field  studies  benefit  from  the  cooperation  and  advice  of 
experienced  residents,  and  sensitivity  to  these  issues  by  explanation 

nt  tho  local  level  would  be  produellve. 

Control  Sites 


1.  Studies  need  to  begin  at  the  start  of  the  winter,  particularly 
in  bays  and  wetlands,, in  order  to  trace  the  Important  role  snow  and  snow 
ice  plays  in  the  formation  of  the  Ice  cover.  The  stratigraphic  interpre¬ 
tation  of  late  winter  ice  cores  is  made  difficult  without  these  data. 

2.  Requests  be  made  of  federal  or  state  authorities  for  detailed 
soundings  extending  from  bay  mouth  to  wetlands  in  bays  and  harbors 
fringing  the  Demonstration  Corridor. 

3.  Contracts  for  studies  of  control  sites  in  the  Demonstration  Corri¬ 
dor  be  Issued  early  in  Che  fall  to  allow  for  recruiting  of  field  staff. 

In  particular,  if  students  are  utilized  as  field  assistants,  sufficient  lead 
time  is  needed  to  arrange  class  schedules  to  permit  1-2  full  days  a  week 
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in  die  field.  Conunictnents  must  be  made  Cc  students  for  the  academic  year 
to  most  efficiently  meet  both  project  and  student  financial  requirements. 

4.  Safe  river  studies  in  areas  of  cold,  moving,  open  water  and  ice 
mandate  adequate  lead  time  for  locating  riverworthy  airboats,  trained 
operators,  and  cold-water  protective  garments. 

5.  Tiive.stlg.ato  the  possibility  that  thin  icc  layers  in  frozen,  organ 
rich  bottom  sediments  in  St.  Lawrence  River  wetlands,  formerly  ascribed  to 
water  level  “fluctuations,  may  he  tlie  result  of  the  formation  of  segregated 
ice  layers  and  lenses  marking  periods  of  slow  downward  freezing.  Auto¬ 
matic  water  level  recorders  and  thermocouple  probes  should  be  used  to 
monitor  ice  layer  formation  iL  the  wetland  edge. 

6.  Future  studies  of  the  developm.cnt  of  stratigraphic  features  in 
the  ice  canopy  should  utilize  vertical  thin  sections  photographed  in 
polarized  light  to  determine  the  origin  of  these  features. 
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APPENDICES 


Averaged  Water  Quality  Data  per  Site  by  Sampling 
Period,  St.  La\;rence  River;  Winter,  197y 
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APPENDIX  B  (cont'd) 


Particle  Size  Distributions  in  Tlme-Composlted  Sediment 
Samples  from  the  St.  Lawrence  River,  1979; 

Percent  of  Oven-Dry  Weight 


Particle  Size  Class  (Diameter) 

Sample 

Sand  or  Greater 
(>  0.05  mm) 

Silt 

(0.002-0.05  mm) 

Clay 

(<  0.002  mm) 

Blind  Bay 
§1  Wetland 

96.1 

3.9 

0.0 

#2  Near  Shore 

86.3 

9.9 

3.3 

#3  Near  Shore 

95.1 

4.9 

0.0 

#5  Shoal 

90.1 

8.3 

1.6 

Morristown 

#6  Wetland 

89.4 

10.6 

0.0 

#7  Bay 

84.5 

13.8 

1.7 

#8  Near  Shore 

94.4 

.  5.6 

0.0 

#T  Near  Shore 

94.9 

5.1 

0.0 

Brandy  Brook 

#11  Wetland 

72.0 

24.7 

3.3 

#12  Bay 

76.9 

21.4 

1.7 

#13  Shoal 

93.5 

4.9 

1.6 

#16  Near  Shore 

52.2 

41.2 

6.6 

#18  Wetland 

83.3 

16.7 

0.0 
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Data  basa  Irom;  NOAA— National  Ocean  Survey,  Lake  Survey  C 

630  Federal  Building,  Oeiroit,  Michigan  *6266 
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DEMONSTRATION  CORRIDOR— 5 

SCALE  1:24000 


Oito  base  from:  NOA^— National  Ocean  Survey,  Lake  Survey  Center 
630  Federal  Building.  Detroit.  Michigan  46266 
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Appendix 


Aerial  Ice  Charts 


Aerial  ice  charts  of  the  St.  Lawrence  River,  prepared  by  the 
Canadian  Ice  Central,  Ottawa,  and  made  available  by  the  St.  Lawrence 
Seaway  Authority,  Cornwall,  Ontario,  were  used  in  this  study. 

The  dates  for  Canadian  aerial  ice  reconnaissance  flights  during 
the  winters  of  1971-72  to  197A-75  were  as  follows: 


L'inter  1971-72 

December  1971: 
January  1972: 
February  1972: 
March  1972: 
April  1972: 


Winter  1 972-73 

December  1972:  7,  1  1  ,  1-*,  17  ,  20,  27  ,  29. 

January  1973:  3,  3,  12,  16,  19,  26. 

February  1973:  5,  9,  23,  27. 

March  1973:  5,  7,  8,  9,  11,  13,  16,  19,  21,  23,  25,  23. 


Winter  1 973-74 

i^ovomber  1  973: 
December  1973; 
January  1974: 
February  1974: 
March  1974; 
April  1974: 


Winter  1974-75 

December  1974; 
January  1975: 
February  1975: 
March  1975: 
April  1975: 


4, 

6, 

10,  20, 

23. 

30. 

3, 

6, 

10,  14, 

17, 

20, 

22 

3, 

7, 

10,  14, 

20. 

27. 

3, 

5, 

10,  13, 

14, 

17, 

21 

1,  2,  8,  11. 


29 . 

12,  13,  18,  19,  24,  28. 

3,  7,  10,  14,  17,  24,  30. 

1.  7,  15,  21,  26. 

4,  6,  8,  11  ,  14,  18,  1.9,  22,  24,  26,  27, '28,  '29. 
1,  3,  5,  10. 


10, 

,  13 

1 

19.  21,  23,  27,  28,  29, 

3, 

5, 

a. 

11,  14,  16,  13,  20,  26, 

1. 

7. 

10 

,  16,  23,  27. 

6. 

8, 

9, 

15,  19,  21,  24,  27,  29. 

1. 

3. 

5, 

7,  9,  10,  11,  12,  14,  1 
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Appendix  F. 


t-iobsury  of  Technical  Terms 


AIR  PHOTO  INDEX  -  A  collection  of  overlapping,  numbered  individual 

aerial  photos  laid  out  by  flight  line  and  rephotographed  to 
provide  in  one  photographic  print  an  overview  of  an  area 
plhUoiii.ipin  d . 

BEGINNING  C?  BREAK-UP  -  Date  nf  visual  evidence  of  initial  erosion  along 
shoreline — the  appearance  of  a  s’nore  moat  or  lead. 

BEGINNING  OF  FREEZE-UP  -  Date  on  wliich  ice  forming  stable  winter  ice 
cover  first  observed  on  the  water  surface. 

BRASH  -  Small  fragments  ‘of  lake,  river,  or  sea  ice  less  than  2  m  in 
diameter . 

BRE-AK-UP  -  The  period  in  the  history  of  a  lake,  river  or  sea  ice  cover 
when  the  ice  layer  is  fragmented  by  wind  and  wave  action  and/ 
or  thinning  by  melting.  Mid-winter  storms  can  break  up  an  ice 
cover;  however,  the  term  is  commonly  used  for  the  disappearance 
of  the  ice  cover  in  the  spring. 

3RL\K-UP  DATE  -  The  date  on  which  a  body  of  water  is  first  observed  to 
be  entirely  clear  of  ice  and  remains  clear  thereafter. 

* 

BRE.AK-U?  PERIOD  -  Period  of  erosion  of  the  ice  cover. 

C0.\STAL  ZONE  -  Includes  the  shorelands,  the  coastal  waters,  the  icelands 
and  the  submerged  lands  lying  under  the  coastal  waters  out 
to  the  limit  of  state  jurisdiction. 

CFo\CK  -  A  break  or  split  without  complete  separation  of  parts  such  as 
a  thermal  crack  in  the  ice,  in  contrast  to  a  fissure. 

CRYOCONITE  HOLE  -  A  small,  dry  or  water-filled  pit  in  an  ice  surface  pro¬ 
duced  by  the  absorption  of  radiation  by  windblown  dust  which 
causes  It  to  sink  into  the  ice.  The  diameters  of  these  pits 
is  usually  less  than  1  centimeter  but  have  been  observed  to 
be  several  tens  of  centimeters  in  diameter.  The  dusts  can 
result  from  deflation  from  open  agricultural  fields,  or  as 
was  observed  on  Brandy  Brook,  Waddington,  N.Y.  area,  originate 
a.s  sudimpnt.s  frozen  to  the  bottom  of  the  ice  cover  and  later 
put  Into  suspension. 

FAST  ICE  -  An  ice  cover  which  remains  fast  generally  in  the  position  where 
it  originally  formed.  It  is  found  along  coasts  where  it  may 
be  attached  to  the  shore,  or  over  shoals  where  it  may  be  held 
in  position  by  islands  or  grounded  hummocks  or  ridges. 

FRAZIL  -  Dendricus  or  diijcoids  of  icc  suspended  in  water  (formed  in  super¬ 
cooled,  turbulent  waters). 
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FREEZE-UP  PERIOD  -  Period  of  initial  formation  of  an  ice  cover. 

FREEZE-UP  DATE  -  The  date  in  which  the  body  of  water  was  first  observed 
to  be  completely  frozen. over. 

FROST  SMOKE  -  Fog-like  wispy  clouds  due  to  contact  of  cold  air  with  rela¬ 
tively  warm  water  which  can  appear  over  openings  in  the  ice 
and  may  persist  while  lee  Is  forming.  Seen  over  open  water 
areas  on  the  St.  Lawrence  River  during  periods  of  very  low 
temperatures. 

GLACIOLOGY  -  The  science  of  the  geology  of  ice.  Includes  fresh  water 
ice  covers  on  rivers  and  lakes,  salt  and  brackish  ice,  as 
well  as  the  ice  in  glaciers,  ice  caps  and  continental  ice  sheets. 

HANGING  DAMS  -  Accumulations  of  frazil,  new  and  young  ice  that  collects 
under  the  ice  cover  to  form  long  ridges.  A  hanging  dam 
approximately  1800'  long  and  15'  deep  was  observed  in  the 
vicinity  of  Sparrowhawk  Point,  Ogden  Island  area,  St.  Lawrence 
River  during  the  winter  of  1978-79.  (Batson,  G.  et  al,  1979) 

HINGE-LINE  CRACK  -  A  crack  or  a  zone  of  several  cracks  formed  between  the 
floating  ice  and  the  grounded  ice  foot  due  to  water  level 
fluctuations  caused  by  wind  or  changes  in  atmospheric  pressure. 
The  same  as  a  TIDE  CRACK. 

ICE  BOOM  -  An  engineering  structure  frequently  composed  of  15 '-30' 

timbers  (14"  x  22")  linked  by  steel  cable  and  chains  which 
is  strung  across  a  river's  and  harbor's  mouth  to  restrain 
the  movement  of  ice  floes.  Examples  include  the  Ogdensburg 
boom,  and  the  booms  across  the  North,  Main,  and  South  Galop 
Island  Channels,  St.  Lawrence  River,  and  Buffalo  harbor. 

ICE  COVER  -  A  significant  expanse  of  ice  of  any  type  and  form  on  the  sur¬ 
face  of  a  body  of  water.  Although  the  term  "ice  sheet"  is 
co^only  used  interchangeably  with  "ice  cover",  the  writer 
prefers  the  latter  in  order  to  avoid  the  glacial  connotation 
of  a  continental  ice  sheet,  l.e.,  the  Greenland  or  Antarctic 
ice  sheets.  When  it  is  used  with  an  adjective  such  as  lake- 
ice  cover,  the  meaning  is  clear. 

ICE  COVER  DURATION  -  The  period  of  time  during  which  a  body  of  water  or 
an  area  under  study  is  completely  covered  with  ice. 

ICE  FLOE  -  A  single  piece  of  pack  ice.  The  size  of  an  Ice  floe  can 
range  in  size  from  fragments  2  meters  in  diameter  to  vast 
floes  several  kilometers  in  diameter. 

ICE  FOOT  -  A  fringe  of  grounded  ice  observed  in  Chippewa  Bay,  St.  Lawrence 
-  River,  up  to  5-10  meters  in  width  attached  to  the  shore  and 
unmoved  by  fluctuations  in  water  level.  On  shorelines  exposed 
to  wind  and  wave  action  it  is  composed  of  accumulations  of 
frozen  slush,  sludge,  brash,  and  spray. 
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ICE  rtuATHERING  -  The  process  by  which  ice  rocks  disintegrate  into  ice 
grains  and  This  occurs  by  grain  boundary  melting, 

IntiTnal  1  i  qiic  far  r  1  on  of  tho  ice  pro  in  in  the  plane  of  the 
secondary  axis  (0001),  and  by  external  melting. 

ICEI.(\'1DS  -  The  icc  covering  the  Great  Lakes  and  the  St.  Lawrence  River 
is  viewed  as  a  geological  extension  of  the  shorelands  which 
till'  writer  dos  Ignatei'  as  Icelnni!;;.  Tliese  Icelanrls  consl.st  of 
stable  and  unstable  icelands. 

LIKE  ICE  -  The  freshwater  ice  sheet  resulting  from  the  freezing  or 

congelation  of  lake  waters.  The  lake  ice  sheet  is  composed 
of  grains  coiimionly  columnar  and  ou  occasion  tabular  in 
habit. 

LITTORAL  SHELF  -  Those  water  areas  of  intermediate  depth  along  the  St. 
Lawrence  River  between  the  bays  and  the  deep  navigation 
channel.  The  zone  outside  Chippewa  3ay  ranges  in  depth  frem 
12'-50'  and  freezes  over  as  a  geographic  unit  after  the  bays. 

MEDI  ''I  VINTER-ICE  -  A  winter  ice  cover  with  a  thickness  15  to  30  cm 
(6  to  12  in) . 

NE'.v  ICE  -  A  general  term  which  includes  frazil,  slush,  and  sludge  and 
pancake  ice. 

r 

OPEN  NATER  -  A  relatively  large  area  of  ice-free  navigable  water  in 
an  ice-encumh'^rod  lake  or  sea.  Charac ter ized  by  less  than 
I/IO  ice  cover. 

PACK  ICE  -  A  general  term  used  to  include  any  form  of  floating  ice 

other  than  fast  ice  regardless  of  its  form  or  concentration. 

POLYNYA  -  A  Russian  term  for  an  unfrozen  portion  of  a  river  surrounded 
by  river  ice  -  other  than  a  lead. 

POOL  -  Any  relatively  small  ice-enclosed  water  area  in  the  midst  of 

pack  ice  other  than  a  lead.  Areas  of  this  type  are  observed 
as  annual  features  in  the  St.  L.nwrence  River  caused  by  up- 
welling,  as  in  the  Brockville  Narrows,  and  by  currents  at 
the  Ogdensburg  boom,  Galop  Island  booms,  and  below  Iroquois 
Dam. 

RAFTED  ICE  -  A  type  of  pressure  icc  formed  by  one  ice  layer  o'.  ar  or 

under-riding  another.  These  layers  may  or  may  not  be  frozen 
togetlier . 

RAPTOR  -  A  bird  of  prey,  such  as  a  hawk  or  eagle. 

REACH  -  A  stretch  of  water  vi.sihle  between 
(nautical) . 
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bends  In  a  river  or  channel 


SASTIUICI  -  Wiivc-llkf  niul  tonytu*-!  iki-  ridges  of  snnw  formed  by  the  scouring 
action  of  wind  on  a  dense  snow  cover.  Frequently  observed  on 
Che  surface  of  an  ice  cover  and  when  water-soaked,  refreezes 
into  snow  ice. 

SLUDGE  -  The  myriad  of  randomly  oriented  tabular  and  acicular,  skeletal 
crystals  growing  in  the  supercooled  surface  waters  of  a  lake 
or  river  and  only  slightly  frozen  together.  This  thin  layer 
gives  Che  lake  surface  a  greyish  color.  With  light  wind  no 
ripples  appear. 

SLUSH  -  Snowflakes  falling  into  the  water  Iri  great  numbers  create  a 

layer  of  water-soaked  snow  or  slush.  Slush  layers  are  also 
formed  on  Che  surface  of  a  lake  ice  sheet  due  to  snow  loading 
which  depresses  the  ice,  allowing  lake  waters  to  flow  up  into 
Che  overlying  snows  along  cracks  and  along  lake-ice  grain 
boundaries. 

SHEAR  CRACK  -  A  crack  produced  in  Che  ice  cover  by  a  shearing  motion. 

Observed  in  the  Brockville  Narrows  where  channel  ice  was 
sheared  away  from  fast  ice  attached  to  the  islands  by  currents. 

SNOW  COVER  -  The  snow  layer  covering  the  lake  ice  and  frozen  ground  of 
the  shorelands.  This  layer  commonly  consists  of  several 
stratigraphic  layers  and  often  becomes  water-soaked  and 
^’•eezes  into  snow- ice. 

SNOW  ICE  -  The  ice  which  forms  from  the  freezing  of  water-soaked  snows. 

Grain  sizes  commonly  range  from  fractions  of  a  millimeter  to 
1  centimeter. 

SUBREACP  -  A  subdivision  of  a  reach  based  on  navigational,  hydraulic, 
or  glaciological  characteristics. 

THAW  MOAT  -  The  zone  of  open  water  formed  between  the  shore  and  the  ice 
cover  by  the  melting  action  of  run-off  during  winter  or 
spring  thaws.  This  limits  access  to  the  ice  cover  for  mammals 
and  detaches  the  ice  cover  from  the  land  allowing  wind  action 
to  drive  the  ice  sheets  ashore  causing  destruction  of  marsh¬ 
land  habitats,  docks,  and  cottages. 

THERMAL  GIACKS  -  Cracks  in  the  ice  cover  formed  by  the  thermal  contraction 
of  the  ice  and  range  in  width  from  fractions  of  millimeters  to 
several  centimeters,  extending  in  length  from  a  fev  meters  to 
many  kilometers. 

THICK  WINTER  ICE  -  An  ice  cover  more  than  30  centimeters  thick.  On  the 
Great  Lakes  thick  winter  ice  may  range  up  to  60  to  90  centi¬ 
meters.  On  the  St.  Lawrence  River,  40  to  90  cm. 

TIDE  CRACK  (HTNGE-LTNE  CRACK)  -  An  active  crack  between  the  fast  grounded 
ice  and  the  floating  ice  cover  subject  to  short  term  water 
level  fluctuations  due  to  wind  tides  and  winter-long  water 
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li'Vrl  cliaiif-’.r-; . 

WATER5IRD  -  Any  swimmfns  or  wading  bird. 

waterfowl  -  A  swi.Tuning  bird,  sucli  as  a  duck  or  goose. 

WINTER  ICE  -  An  ice  cover  with  a  thickness  of  greater  than  30  c 
meters.  (See  MEDIL’M  WINTER-TCK  and  THICK  WT?:TER-ICH. 

YOL’N’G  ICE  -  N'evly  farmed  lev  =  I  ice  generally  in  the  transition 
of  development  from  ice  rind  or  pancake  ice  to  winter 
thickness  from  5  to  15  centimeters. 
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APPENDIX  G 

RESPONSES  TO  REVIEWER 
QUESTIONS  AND  COIDIENTS 


Ms.  Madonna  McGrath,  Chief 
Environmental  Planning  Staff 
Great  Lakes  National  Program  office 
U.S.  Environmental  Protection  Agency 
Region  V 
Room  932 

536  South  Clark  Street 
Chicago,  IL  6060-5 

Dear  Ms.  McGrath: 

Dr.  Joseph  V,  DePinto  and  I  wish  to  thank  you  for  your 
comments  and  questions  concerning  our  draft  report  on  "Analysis 
of  Control  Sites,"  a  study  performed  for  the  Environm.ental 
Evaluation  Nork  Group  FY  1979  Studies  of  the  Winter  Navigation 
De.mons tration  Program  under  the  auspices  of  the  Great  Lakes 
Basin  Commission.  We  fully  agree  v/ith  your  statements  concerning 
t.he  enarcise  of  caution  in  use  of  the  conclusions  which  stem 
from  such  limited  studies  and  the  need  for  setting  priorities 
for  studies  of  those  potential  Impacts  which  have  been  identified. 

Enclosed  you  will  find  our  responses  to  your  questions  and 
comments.  Should  further  clarification  appear  necessary  to 
you,  do  not  hesitate  to  contact  either  Dr.  DePinto  or  me. 

Sincerely  yours. 


Thomas  C.  Young 
Assistant  Professor 
Department  of  Civil  and 
Environmental  Engineering 


TCY: jd 
Enc. 
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RESPONSES  TO  MS.  MCGRATH'S  QUESTIONS/COI-IMENTS 


Question  a;  If  only  water  quality  "may  be  sufficiently 
predicted"  from  control  sites,  what  are  the 
merits  with  proceeding  with  the  idea? 

Response:  As  we  attempted  to  state  in  Conclusion  3  of  the 

report,  our  examination  of  paired  site  data  led  us  to  the 
conclusion  that  soluble  characteristics  of  water  quality  in 
main  flow  habitats  (channel,  shoal,  near-shore)  were 
similar  at  the  three  major  sampling  locations.  That  is, 
for  longitudinal 

changes  in  magnitude  of  soluble  parameters  were  similar. 

Thus,  a  main  flow  sampling  site  located  outside  of  the 
Demonstration  Corridor  can  serve  as  a  control  site  for  soluble 
parameters  which  may  be  measured  *at  sites  within  the 
Corridor  during  vessel  transits.  Differences  in  magnitude 
between  Corridor  and  control  sites  may  be  tested  for 
statistically  significance  to  determine  whether  observed 
differences  are  due  to  chance  or  possibly  due  to  Demonstra¬ 
tion  activities. 

The  merits  of  continuing  with  a  control  site  approach 
to  monitoring  water  quality  during  a  Demonstration  program 
rest  on  several  considerations.  Maintenance  of  the  biological 
community  of  the  St.  Lawrence  depends  in  large  part  on 
maintaining  continuity  in  the  physicochemical  environment 
of  the  river.  However,  vessel  transits,  under  Demonstration 
conditions,  have  the  potential  to  alter  various  aspects  of 
the  aquatic  environment.  For  example,  besides  affecting 
light  penetration,  vessel-induced  sediment  resuspension  can 
facilitate  desorption  and  dissolution  reactions  which  result 
in  increased  levels  of  soluble  nutrients,  such  as  phosphorus, 
or  toxic  heavy  metals,  which  have  been  found  at  elevated 
levels  in  sediment  samples  from  some  locations  in  the  river. 
Further,  disturbance  of  sediment  deposits  which  possess  an 
oxygen  demand  can  increase  the  rate  of  oxygen  utilization  by 
the  sediments  through  enhancement  of  the  transport  of  oxygen 
to  the  sediment  particles  and,  thus,  result  in  lower  oxygen 
concentrations  in  the  river.  These  examples  of  potential 
effects  of  winter  navigation  on  water  quality  are  not 
inclusive.  However,  they  serve  to  indicate  the  existence  of 
water  quality  parameters  which  are  biologically  significant, 
potentially  vulnerable  to  Demonstration  activities, 
determinable  by  field  sampling,  and  testable  by  a  paired  site 
approach.  It  is  our  feeling  that  the  potential  changes  in 
water  quality  which  could  result  from  a  Demonstration  of 
winter  navigation  constitute  sufficient  justification  for  a 
monitoring  plan  which,  as  a  minimum,  includes  paired  control 
and  Corridor  sites  for  sampling  and  analysis. 


Question  b: 


^.'hat  are  the  confidence  lin.its  of  parameter 
correlations;  if  water  quality  is  apparently 
uniform  (shov/ing  only  minor  variations)  would  a 
paired  site  approach  srrongly  dependent  on  water 
quality  parameters,  be  effective? 

Response :  Two  qvicstions  are  apparent  here,  one  of  which  concerns 

the  statistical  reliability  of  the  correlations  between 
param.eters,  anci  another  of  which  concerns  the  value  of 
strongly  correlated  parameters  to  oaired  site  cc.mparisons . 
Regarding  the  former  question,  the  sicnficance  of  computed 
correlations  between  parameters  measured  at  paired  sites 
is  indicated  in  Table  11  (p.  32) .  In  Table  II  are  presented 
simple  correlation  coefficients  between  parameters  measured 
at  sites  paired  in  and  out  of  the  Demonstration  Corridor. 

The  parameter  list  in  Table  11  was  restricted  to  those 
paramieters  which  showed  significant  {a<0.05)  intraparameter 
correlation  betv;een  locations  (ie.,  diagonal  elements  of  the 
correlation  matrix) .  Also  given  in  Table  11  is  the  critical 
value  (a<0.05)  which  is  to  be  used  in  testing  each  correlatio 
coefficient  against  the  null  hypothesis  of  no  correlation. 

If  desired,  an  approximate  confidence  interval  can  be 
calculated  for  each  coefficient  from  the  following  equation 
vp224  ,  Rohlf  and  Sokal,  Statistical  Tables,  Freeman,  1969). 

For  a  954  confidence  interval: 


$ 


+  •'  t  [  (1--^)  /'’41 

'''0.05,24*^^  ^ 


where:  ;  =  true  correlation  coefficient 

r  =  sa.mple  correlation  cocfficie.nt 
t.,  =  student's  t  statistic  for  ct 

ana  ceorees  of  freeaom  =  24 


=  0.05, 


With  regard  to  the  second  question,  a  paired  site 
approach  to  water  quality  monitoring  during  a  Demonstration 
progrebT.  would  have  an  efficiency  for  detecting  ship- induced 
changes  in  water  quality  v/hicii  v/ould  be  directly  related  to 
the  degree  of  uniformity  present  in  baseline  water  quality, 
or  water  quality  under  non-demonstration  conditions.  That 
is  minor  differences  in  baseline  \.-ater  quality  between 
paired  sites  permit  smaller  differences  in  water  quality  to 
be  detected  with  equal  statistical  certainty  or  large 
differe.nces  to  be  detected  v/ith  greater  statistical  confi¬ 
dence,  than  would  be  possible  if  water  quality  varied 
greatly  between  locations. 
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Question  c: 


What  is  the  reasoning  for  the  recommendation  that 
"only  those  water  quality  parameters  which 
correlate  between  locations  but  are  uncorrelated 
with  each  other  should  be  employed  for  multivariate 
paired  site  comparisons"? 

Response:  When  multivariate  comparisons  are  made  between  data 
sets  which  show  strong  intercorrelations  between  parameters, 
as  was  the  case  with  the  paired  site  data  presented  in  this 
report,  important  relationships  become  confounded  to  the 
point  that  interpretation  of  each  may  be  impossible.  Thus, 
while  the  canonical  analysis  of  the  paired  site  parameters 
identified  statistically  significant  relationships  between 
parameters  at  paired  locations,  the  relationships  themselves 
I  made  no  sense  in  ecologically  significant  terms. 

The  confounding  arises  from  the  fact  that  intercorrelated 
variables  are  not  independent  from  each  other  and  provide 
redundant  information.  For  the  paired  site  study,  individual 
water  quality  par2uneters  varied  over  time  between  locations 
in  a  manner  which  was  related  to  variation  in  other  parameters. 
For  exaunple,  levels  of  total  soluble  phosphorus  and  soluble 
reactive  phosphorus  were  correlated  both  within  and  between 
paired  sites.  Thus,  a  multivariate  test  of  site  similarity 
for  phosphorus  concentrations,  which  included  both  types  of 
phosphorus,  would  reject  the  null  hypothesis  with  a  greater 
degree  of  certainty  than  a  univariate  test  which  considered 
either  type  alone.  However,  the  multivariate  procedure 
tests  the  relationship  between  a  linear  combination  of  the 
two  measures  of  phosphours,  and,  due  to  intercorrelation 
between  the  measures,  the  test  must  account  for  reduncancy 
of  information.  Accordingly,  the  redundancy  is  translated 
in-to  prediction  equation  coefficients  which  do  not  reflect 
ecological  reality  even  though  they  yield  accurate 
predictions . 

By  avoiding  intercorrelated  parameters,  each  variable 
selected  for  study  tends  to  focus  on  a  relavitely  distinct 
ecological  force  within  the  aquatic  system,  such  as,  heat 
input,  point  source  pollutant  loadings,  ice  melt,  and  bed 
erosion.  It  should  be  noted  that  intercorrelated  parameters 
are  responsible  for  the  patterns  of  correlation  observed 
between  parameters  by  the  “"amily  of  statistical  techniques 
known  as  principal  compone  s,  or  factor  analysis.  In  fact, 
a  factor  analytic  solution  «as  presented  in  our  report. 

However,  statistical  signficance  testing  for  principal 
components  and  factor  analyses  has  not  progressed  to  the  j 

point  where  such  tests  can  be  easily  applied.  Thus,  overall 
tests  of  water  quality  similarity  between  paired  sites  will 
be  most  efficient  in  economic  and  ecologic  terms  if  the 
variable  list  includes  parameters  which  are  uncorrelated 
for  measurements  taken  at  individual  sites. 
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Questions  d:  V.'hat  vould  it  take  to  develop  a  " de termini tive 
aiudcl  of  w.iLor  quality"? 

and 

e:  What  would  be  the  approximate  cost  to  implement 

the  recommendations? 

Hesconse:  V.'e  feel  that  there  is  an  urgent  need  to  synthesize 

current  and  future  environmental  quality  information  on 
the  St.  Lawrence  River  ecosystem  into  a  unified  description 
of  the  overall  environmental  status  of  the  river.  Brincing 
together  all  of  the  fragmentary  information  is  mandatory  if 
meaningful  river  management  decisions  are  to  be  made  on  an 
informed  basis.  It's  our  feeling  that  the  best  approach 
to  such  a  synthesis  is  the  de'i^elopment  of  what  is  known  as  a 
deterministic  ecological  model  for  the  St.  Lawrence  River 
aquaoic  ecosystem.  A  model  of  this  naoure  would  allcv; 
sim.ulation  of  the  behavior  of  physical,  chemical,  and 
biological  characteristics  of  the  river  ecosystem  for  a 
given  set  of  basic  inputs  and  forcing  functions.  The  model 
itself  would  co.'i sis t  of  a  \’erified  mathe.mat ical  formulation 
of  the  im.portant  physical,  chemical,  and  biological  processe 
in  the  s s t em . 
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'he  de'.'eiopment  of  such  a  model  ’would  require  a 
ecological  monitoring  program^  for  the  river  in  oj 
•  ify  inputs  of  the  uarem.eters  of  interest.  Soc-ci: 
es  of  the  monitoring  program  ’would  be  to  obuain  ; 
ly  anl  spatially  varying  data  set  for  calibratio: 
lodel  and  to  obtain  a  secen.d ,  uniqua  data  set  for 
tion  of  the  model.  It  is  also  likely  that,  in 
,  to  system  monitoring,  a  research  program  'wo’uid  i 
y  to  identify  further  and  q’ua.ntify  the  important 
,  chemical,  and  biological  processes  and  their 
ve  interactions. 


We  estim.ate  t;iat  ti'.e  development  of  - an  ecological 
model  for  the  St.  La’wrence  River  would  require  an  intensive, 
well-coordinated  project  period  of  three  to  five  years.  An 
erfort  of  this  nature  is  not  inconceivable ,•  since  similar 
m.odels  ’have  been  successfully  developed  for  large  lake 
systems  such  as  Lakes  Erie  and  Ontario.  The  total  cost  of 
such  a  project  would  propably  be  on  the  border  of  a  million 
dollars;  however,  it  should  be  pointed  out  that  a  savings 
v;ould  probably  be  realized  over  the  current  environmental 
monitoring  program  for  the  river  by  the  m.ore  coordinated 
approach  necessary  for  the  model  development. 
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